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ABSTRACT 
 
EVALUATION OF STONE WEATHERING OF AIGAI 
BOULEUTERION AFTER ITS EXCAVATION 
 
Archaeological sites have to be investigated and conserved as a whole to have a 
better knowledge of our past. In this study, Aigai Bouleuterion in Manisa was 
investigated to evaluate the stone weathering and conservation problems of an 
excavated archaeological monument. It is also aimed to analyze the weathering process 
of stone material while buried and the contribution of this process to the deterioration 
after the excavation. For this purpose, the building was documented by photographs and 
drawings and several laboratory studies were carried out on both the soil and stone 
samples collected from the excavated parts of the building. Samples were investigated 
with by using XRD, SEM-EDX, TGA and FT-IR and chemical analyses. 
Andesite, used as a building material of the bouleuterion and the soils are both 
composed of the minerals of microline, orthoclase, sanidine, albite, andesine, 
labradorite, anorthite, muscovite, cristoballite, tridymite, quartz, kyanite, mullite and 
orthoferrosilite. Less amounts of organic materials, carbonate and soluble salt contents 
were found in the samples. The clay minerals found in the samples are halloysite, illite, 
kaolinite, montmorrillonite and saponite. 
The penetration of clay minerals to the stone structure, forming a weathering 
zone with the presence of clay in the cracks was determined with SEM analysis. The 
weathering zones of the stones range between 1 cm and 2.4 cm from the exterior 
surface. When the average seasonal values for the environment are examined, the 
weathering effect of the clays after excavation of stones generally occurs in winter 
months due to low temperature and high humidity values. 
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ÖZET 
 
AIGAI MECLİS BİNASINDA KAZI SONRASI TAŞ 
BOZULMALARININ DEĞERLENDİRİLMESİ 
 
Arkeolojik alanlar geçmişimize dair daha fazla bilgi sahibi olmak için 
incelenmeli ve bir bütün olarak korunmalıdır. Bu çalışmada, kazı sonrası ortaya çıkan 
arkeolojik yapılardaki taş bozulmalarının ve koruma sorunlarının değerlendirilmesi 
amacıyla, kazı çalışmaları bitmiş olan Manisa’daki Aigai antik kenti meclis binası 
incelenmiştir. Çalışmanın bir diğer amacı, kazı öncesi olası taş bozulmalarının kazı 
sonrasına olan etkilerinin ve kazı sonrası oluşan taş bozulmalarının incelenmesidir. Bu 
amaçla yapı, fotoğraf ve çizimlerle belgelenmiş ve birçok laboratuvar çalışmaları, 
yapının kazılan bölümlerinden alınan toprak ve taş örnekleri üzerinde 
gerçekleştirilmiştir. Alınan örnekler XRD, SEM-EDX, TGA ve FT-IR kullanılarak ve 
kimyasal analizlerle incelenmiştir. 
Meclis binasında yapı malzemesi olarak kullanılan andezit ve toprak 
örneklerinde bulunan başlıca mineraller mikrolin, ortoklaz, sanidin, albit, andesine, 
labradorit, anortit, muskovit, kristobalit, tridimit, kuvars, kiyanit, mullit ve 
ortoferrosilittir. Yapının önceden gömülü olduğu ortam nötr ortamdır. Tüm örneklerde 
az miktarda organic madde, karbonat ve çözünen tuz bulunmuştur. Örneklerde bulunan 
başlıca kil mineralleri, hallosit, illit, kaolinit, montromorrilonit ve saponittir. 
Kil minerallerinin taş yapısındaki çatlaklara nüfuz ederek oluşturdukları 
bozulma zonu SEM analizleri ile belirlenmiştir. Buna göre, taşların bozulma zonları dış 
yüzeylerinden içe doğru 1 cm ile 2,4 cm arasında değişmektedir. Çevrenin ortalama 
mevsimsel değerleri incelendiğinde kil minerallerinin taşların kazılmasından sonra en 
fazla bozulma etkisi gösterdiği zaman düşük sıcaklık ve yüksek nem değerlerinin 
görüldüğü kış aylarıdır. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
Archaeological sites and findings are the documents of human history. They 
reveal the earlier activities of people and provide us with knowledge of that culture. 
Meanwhile, understanding archaeological sites means understanding the cultural 
heritage of man. For this reason, archaeological sites have to be investigated and 
conserved to have a clearer knowledge of our past. To understand the archaeological 
sites, all their architectural, structural and material characteristics have to be conserved 
as a whole. This type of qualified conservation requires an interdisciplinary 
collaboration which deals with the conservation problems of archaeological sites and 
findings. 
The preservation of archaeological monuments and findings was declared for the 
first time in Madrid Conference held in 1904. After the Madrid Conference, several 
policies concerning the preservation of archaeological monuments and findings were 
enacted. Among them, Athens Charter held in 1934, first declared the preservation of 
the archaeological monuments and findings as an interdisciplinary problem (The Getty 
Conservation Institute 2008). After the declaration of the Athens Charter, the 
importance of interdisciplinary collaboration by workers, who have advanced 
archaeological knowledge and the importance of using advanced technologies, were 
emphasized by many other charters and policies.  
With the declaration of the Athens Charter, the concept of the conservation 
problem gained a new dimension. It recommended reburying the excavated sites if the 
proper maintenance preventions could not be maintained. The Recommendation on 
International Principles Applicable to Archaeological Excavation (UNECSO) accepted 
in 1956, strongly recommended leaving the archaeological sites partially or totally 
unexcavated in case of not maintaining the sufficient excavation methods, proper 
maintenance and conservation methods (The Getty Conservation Institute 2008). The 
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threats of unscientific excavations were emphasized again in the European Convention 
on the Protection of the Archaeological Heritage held in 1990 and renewed in 1992 
(The Getty Conservation Institute 2008). All of these decisions have recommended the 
proper provision of sufficient archaeological management and the collaboration of 
professional people before excavating the sites.  
Although the charters, recommendations and policies are clear enough, the 
conservation of excavated archaeological sites are still very important problems. The 
conservation problems of archaeological findings and monuments before and after 
excavation should be evaluated with sufficient management before the excavations. But 
in general, these are evaluated at the end or not evaluated because of lack of respect 
concerning the sufficient archaeological managements.  
Aigai is an example of an excavated archaeological site that has these mentioned 
problems. The site was populated from Hellenistic to Byzantine times. The ancient 
Bouleuterion (Senate Hall) is a part of that site component. The present excavations in 
Aigai Bouleuterion started in 2004 and it was excavated completely in 2006. Since its 
excavation, deterioration of stonework and conservation has been the most important 
problem. The deterioration of stonework after excavation has resulted in structural 
deteriorations and collapses to the building. 
Determination of the weathering process of the buried stones became an 
important subject at the end of the 1980s due to fast weathering process of the 
excavated archaeological materials. First, Power (1989) buried small granite tablets 
beneath acid peat within the Mourne Mountains of Northern Ireland for 20 months and 
examined the tablets by SEM. But, he was unlikely to produce anything other than 
superficial modification and for significant alteration and breakdown to occur. This was 
probably because of granite would need to be buried for a significantly longer period 
(Curran 2001). Then, Curran, et al. (2001) was investigated the weathering of igneous 
rocks of Bronze Age stone circles at Copney in County Tyrone, Northern Ireland which 
were buried for up to 2500 years within a wet, acid environment and than exposed. He 
classifies the chemical and physical weathering during burial and microstructural and 
mineralogical transformations which are seen throughout the freshly exposed stones. At 
the end, he investigates the rapid weathering process of igneous rocks within a few 
months of exposure after the structural and mineralogical weaknesses occurred during 
burial (Curran 2001). Thorn, et al. (2006) was investigated a ten-year study of 
‘potential’ weathering of machine polished dolomite, granite and limestone discs buried 
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in shallow pits beneath a variety of vegetation cover types in Kärkevagge and on an 
adjoining ridge in Swedish Lapland. Because of the were not of identical size, he 
compares the weathering of stones using percentage change as the metric and also to 
consider the potential impact of size on mass loss both after buried in five-year (1994-
1999) period and adding the period 1999–2004 by integrating results to provide a 
decadal record. As a result of the study, he finds out climate and pH of the environment, 
vegetation cover of the ground and ground moisture as the critical factor influencing 
weathering all the types of the stones (Thorn, et al. 2006). 
The aim, limit and method of the study are expressed in the first part of the 
study. The second part analyzes the architectural characteristics and present situation of 
the Aigai Bouleuterion. Then, the properties of the building materials are expressed. 
Finally, the deteriorations of the building materials are evaluated and, the resulting 
conservation problems are stated. 
 
1.1. Aim of the Study 
 
 
As an interdisciplinary collaboration, the conservation of the buildings in 
archaeological sites has to be implemented by sufficient excavation management and 
based on a scientific approach. In this context, this study is aimed to evaluate the stone 
deteriorations and conservation problems of an excavated archaeological building. 
Special emphasis is given to soil analysis and stone samples taken from the building to 
determine the deteriorations in buried stone and subsequent exposure. Weathering 
process of stone material during burial and the contribution of this process to the 
deterioration after the excavation are analyzed. These analyzes include the mineralogy 
of stone as buried and excavated material and also the mineralogy of soil that the 
building material was buried in. For this purpose, a case study has been carried out in 
the excavated archeological building of the Aigai Bouleuterion. Finally, the determined 
stone deteriorations were evaluated to make a proper definition of the conservation 
problems. 
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1.2. Limits of the Study 
 
 
This study is limited to the bouleuterion building which is a part of the 
archeological site of Aigai. In the scope of this study, excavated parts of the Aigai 
Bouleuterion have been taken into consideration. In this context, Aigai Bouleuterion 
was documented as a case study in field survey completely. The samples were collected 
only from the excavated parts to determine the buried stone deteriorations, the reasons 
of deteriorations underneath the soil and the contributions of this deterioration to the 
weathering process after the excavation. However, the techniques of the excavation are 
not discussed because they are not relative to the subject of this thesis. 
 
1.3. Method of the Study 
 
 
Method of the study contains field surveys, sampling and experimental studies. 
Field surveys were carried out in Aigai Bouleuterion in August 2006, July 2007 and 
August 2008. This study was aimed to document the Aigai Bouleuterion and its 
structural problems. This phase was carried out by drawings and photographs. Drawings 
were prepared by ArchiCad 9, ArchiCad 11 and AutoCad 2007 software programmes. 
Sampling phase consists of the collection of soil samples from the site and stone 
samples from the walls in order to carry out laboratory studies to determine the soil 
characteristics and stone deteriorations. Special emphasis is given to soil mineralogy to 
determine its effects to the process of weathering during burial and after excavation of 
building material. Experimental studies consist of a series of laboratory studies in order 
to determine basic physical characteristics of stones, clay mineralogy of soils, soluble 
salts in soils, their mineralogical and chemical compositions and microstructural 
properties. Results of these laboratory studies were then evaluated and discussed to 
make a proper definition of the stone deteriorations and conservation problems of the 
case study. 
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CHAPTER 2 
 
 
HISTORICAL INVESTIGATION OF BOULEUTERIA 
 
 
Bouleuteria are the places where city councils (boulé) convened. In other words, 
bouleuteria are the political meeting places of the ancient Greeks. These city councils 
had various styles in history but the meeting place was constant (McDonald 1943). 
There are four important publications concerning the history of bouleuteria. 
These are, McDonald’s “The Political Meeting Places of the Greeks” 1943, Meniel’s 
“Odeion” 1980, Gnesiz’s “Bouleuterion und Curia” 1990 and Balty’s “Curia Ordinis” 
1991. However, McDonald (1943) forms the basis for the historical evolution of the 
bouleuteria. 
 
2.1. Historical Evolution of Bouleuteria 
 
 
The evolution of bouleuteria can be explained with the evolution of the 
government system in ancient Greece. According to McDonald, first examples of the 
political meeting places can be seen in the Minoan period in Crete. The places were 
open air theatric areas. These multifunctional areas were used both for political and 
social meetings. The form of government system was oligarchy in Greece in the 7th and 
8th century B.C. The form of oligarchy varied from city to city. The king was constant 
but the qualifications of the nobility varied in every city. In some of them, only 
members of large wealthy families were the members of city councils. With reference to 
Homeric poems, McDonald explains the meeting place of the Greek city councils as the 
palaces of the kings for that time. As the ancient Greeks developed historically, the 
capacity of the city councils represented a wider stratum of the population. People in 
ancient Greece started to be more concerned about their independence after Persian 
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attacks in the 7th and 6th centuries B.C. They started to choose leaders who could 
liberate them. After a century, democratic governments were established. Ordinary 
citizens of the cities started to participate more actively in councils and in such states 
the voted leaders were supreme. The king was constant again but there were more 
people in city councils. So, a new building type called “bouleuterion” started to serve 
this purpose. The building type was first constructed in Athens (Old Bouleuterion 
Building) in the 6th century B.C. Then, other Greek city-states started to construct this 
new building type. Political and judgmental events started to be discussed in the 
bouleuteria. They were also occasionally used as storage places to conserve the political 
and judgmental archive documents of the cities (McDonald 1943). 
The use of the bouleuteria was suppressed by Philip of Macedon II in the second 
half of the 4th century B.C. Two centuries later, they were suppressed by the Roman 
Imperial again with their occupancy of Greece. The authority of the Greek bouleuteria 
on making the international decisions was banned in 146 B.C. and some of them were 
completely dispersed. From here on, bouleuteria were constructed to supply the 
functions of both bouleuteria and Odeon (places in which poets and musicians 
performed) or they were reused in different functions or destroyed to reuse their 
building materials (McDonald 1943). 
 
2.2. Architectural Characteristics of Bouleuteria 
 
 
As being one of the most important public buildings of the Hellenistic cities, 
bouleuteria have different kinds of settlements and plan schemes. In this part, settlement 
of bouleuteria, their architectural characteristics and plan types will be discussed. 
 
2.2.1. Location of Bouleuteria 
 
 
The oldest information concerning the development of the bouleuteria can be 
gathered from Vitruvius in 27 BC. In his book “Ten Books on Architecture”, Vitruvius 
explains that the bouleuterion have to adjoin the agora which is the social and political 
 7
focal point of the city or town (Ten Books on Architecture, Book V, II, C. 1-5). This 
was very important because in this type of relationship the archives of the bouleuterion 
were generally stored in the stoas (Wycherley 1993). 
In literary references, there is no specific rule for the location of the bouleuteria. 
Since the characteristics of the site, the number of the members in city council and also 
the financial considerations played an important role in city planning. But in various 
ancient Greek cities, rule for the relationship between the bouleuterion and agora can be 
accepted (McDonald 1943).  
Although some bouleuteria stated adjoined the agora, some just bordered it. 
Bouleuteria, which adjoin the agora, were entered both directly from the stoa of the 
agora and street. Bouleuteria of Assos (Behramkale/Çanakkale), Calauria (Greece), 
Ephesus (Selçuk /İzmir), Miletus (Söke /Aydın), Nysa (Sultanhisar /Aydın), Priene 
(Güllübahçe /Aydın), and Sicyon (Greece) adjoined the agora. They were all entered 
from the agora directly (McDonald 1943). Some bouleuteria, which bordered the agora 
are Patara (Gelemiş /Antalya), Notion (Ahmetbeyli /İzmir) and Aizanoi (Çavdarhisar 
/Kütahya). It can be determined that they were adjacent to the agora but entered from 
the street. (Öz 2006).  
There are some exceptional examples of bouleuteria which do not adjoin or 
border the agora. For example, Bouleuterion of Elis (Greece) was built inside a 
gymnasium. There are also some cities which have no true agoras. For this reason, the 
bouleuteria of those cities were built wherever was proper for that function. Bouleuteria 
of Delphi (Greece) and Eleusis (Greece) are examples of this characteristic (McDonald 
1943). 
 
2.3.2. Plan Types of Bouleuteria 
 
 
To explain the plan types of the bouleuteria, their basic architectural 
characteristics should be explained. The main space of the bouleuteria is the “cavea” 
where the audience used to sit. Occasionally there is an area behind the cavea called 
“backstage”. There is also an “orchestra” area where the members of the council made 
their speeches. 
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McDonald classifies the plan types of bouleuteria in to three classes according to 
their spatial proportions. According to him, there are square, broad and narrow plan 
types which are classified with proportions between their length and breadth (Table 1). 
If the proportion of length and breadth are within one meter of being equal, the plan 
type is square. Old Bouleuterion at Athens (Greece), bouleuteria of Thasos (Greece), 
Priene, Assos and Sicyon are the examples of this kind of a plan type. If the proportion 
of breadth to length is at least as close as 2/3, the plan type is broad. New Bouleuterion 
at Athens (Greece), bouleuteria of Megalopolis (Greece), Heraclea (Greece), Messene 
(Greece), Notion (Ahmetbeyli /İzmir), Nysa and Miletus are the examples of this kind 
of a plan type. The last plan type of bouleuteria is narrow plan type in which the 
buildings’ length is at least twice to their breadth. The examples of this type are the 
bouleuteria of Olympia (Greece), Delphi, Mantinea (Greece) and Calauria (McDonald 
1943). 
 
 
Table 1. Examples of Plan Types according to McDonald 
Square Plan Type Broad Plan Type Narrow Plan Type 
 
Sicyon Bouleuterion 
(Source: McDonald 1943) 
 
Megalopolis Bouleuterion 
(Source: McDonald 1943) 
 
Mantinea Bouleuterion 
(Source: McDonald 1943) 
 
 
According to Öz (Referencing Gneisz 1990 and Balty 1991), there are four types 
of bouleuteria plans. These are; rectangular plan, circular plan, curvilinear plan and 
Odeon type of plan. This classification is made upon the shape of the cavea. 
Rectangular plan type is based on the type of halls with columns and the sitting platform 
lies parallel to the walls (Figure 2). Old Bouleuterion at Athens and bouleuteria of 
Priene, Notion, Assos, Heraklia (Kapıkırı /Muğla) and Sagalassos (Ağlasun /Burdur) are 
examples of this type of plan. Circular plan type is first seen in New Bouleuterion at 
Athens which has a circular cavea (Table 2). Bouleuteria of Metropolis (Torbalı /İzmir), 
Teos (Sığacık /İzmir), Iasos (Kıyıkışlacık /Muğla), Troia (Tevfikiye /Çanakkale), Nysa 
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and Aizanoi are the examples of this kind of plan type. Curvilinear plan type has 
curvilinear cavea which is generally practiced on small-scaled bouleuteria such as the 
bouleuteria of Olynthus (Greece), Akrai (Greece), Knidos (Datça /Muğla) and Ariassos 
(Akkoç /Antalya) (Figure 3). Odeon plan type was started in Roman Period. Bouleuteria 
of that period were built to supply the functions of both bouleuterion and Odeon for the 
reasons previously mentioned (Figure 3). Bouleuteria of Aphrodisias (Karacasu 
/Aydın), Kibyra (Gölhisar /Burdur), Korinthos (Greece) and Aspendos (Serik /Antalya) 
are examples of this type (Öz 2006). 
Bouleuteria are generally constructed by leveling the sitting platforms. Except 
for some exceptional examples, the natural slope of the area was not used during 
construction. Aigai (Nemrutkale /Manisa), Metropolis and Patara (Ovagelmiş /Muğla) 
bouleuteria are examples of senate halls built on natural slopes of the area. 
 
 
Table 2. Examples of Plan Types according to Öz 
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Old Bouleuterion at Athens 
(Source: McDonald 1943) 
 
Piriene Bouleuterion 
(Source: McDonald 1943) 
C
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Iasos Bouleuterion 
(Source: McDonald 1943) 
 
Nysa Bouleuterion 
(Source: McDonald 1943) 
 
(cont. on next page) 
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Table 2. (cont.) Examples of Plan Types according to Öz 
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Olynthus Bouleuterion 
(Source: McDonald 1943) 
 
Akrai Bouleuterion 
(Source: Birthplace of Democracy 2008) 
O
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n 
T
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e 
Ephesus Bouleuterion 
(Source: McDonald 1943) 
 
Korinthos Bouleuterion 
(Source: McDonald 1943) 
 11
CHAPTER 3 
 
 
ARCHITECTURAL CHARACTERISTICS OF AIGAI 
BOULEUTERION  
 
 
Aigai, which is also called Nemrutkale, is an ancient inland site in the north-
west part of Turkey. It is located 14 km from Aliağa Village of İzmir and 2 km from 
Köseler village, Manisa central district (Figure 1). It is situated almost on top of Mount 
Gün, which is a part of the Yunt mountain chain and is 360 meters from sea level. 
The oldest information about Aigai can be gathered from the ancient historian 
Herodotos (5th century B.C.). After Herodotos, the historians Plinius, Tacitus, Strabo, 
Scylax, Xenophon and Plutarch mentioned Aigai in their works (Ramsay 1881). 
Scientific explorations at Aigai started in the late 19th century. W. M. Ramsay and S. 
Reniach surveyed the site with Demostenis Baltazzi who was the controller of 
Pergamon excavation. First, W. M. Ramsay mentions Aigai in his work “Journal of 
Hellenic Studies” in 1881. Then, S. Reniach mentions Aigai in his work “Bulletin 
Hellenique” in 1882. Today, the most comprehensive published work on Aigai is 
“Altertümer von Aegae” written by Carl Schuchardt and Richard Bohn, who was a 
member of the Pergamon excavation. They surveyed the site to make a comparative 
study between other archaeological sites and Pergamon. Richard Bohn and Carl 
Schunchhardt published their work in 1889 in Berlin. Prof. Dr. Bilge Umar was the first 
Turkish researcher who surveyed and photographed Aigai in 1980 (Tül 1995). 
Excavation works in Aigai were dormant for a long time. The reason for this 
may be the lack of regular roads to the site, which were constructed in 2000. First 
excavations started in Aigai by Prof. Dr. Ersin Doğer from Department of Classical 
Archaeology, Ege University in 2004. Excavation of the bouleuterion started in 2004 
and was completed in 2006. Until August 2007, the excavations were carried out at 
different parts of the site. Current information about the bouleuterion and the site can be 
gathered from the excavation reports.  
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Figure 1. Map showing the location of Aigai (Source: Roma Tre University 2008) 
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3.1. History of Aigai 
 
 
According to Herodotos, Aigai was one of the twelve settlements which were 
constructed by Aiolians (Aiol’ler) who emigrated from Greece in the 1100s B.C 
(Herodotos 1991). These settlements are traditionally known as the Aeolian 
Dodecapolis (Aigai, Killa, Aigiroessa, Elaia, Grynion, Kyme, Larissa, Myrina, 
Neoteichos, Temnos, Pitane and Smyrna) (Hanfmann 1948). The name Aigai occurs in 
various forms in various descriptions. But the city can be identified easily by its 
location. Since, it is one of the two cities which were built among the mountains. 
Although the other ten Aiolian cities were built near the seashore, Aigai and Temnos 
were built among the mountains (Ramsay 1881). 
For a few centuries, Aigai was a member of the independent Aiolian city groups 
with Cyme assuming the leadership. Various wars occurred in Aigai in the 3rd century 
B.C. The city was first included in the dynasty of Kingdom of Pergamon by Attalos I, 
and then Akhaios who was commander of the Kingdom of Seleukos conquered the city. 
In 218 B.C. in the Hellenistic period, again the city was included in the hegemony of 
Kingdom of Pergamon by Attalos I. Then the dynasty of Prusias II from Bithynia 
started (Bohn and Schuchhardt 1889). The city was not affected by Persian attacks to 
the Hellenic cities. With the information gathered from Tacitus, Ramsay mentions Aigai 
as a place of great strength as it was not included in the hegemony of Persia (Ramsay 
1881). The hegemony of the Roman Imperial started in the 1st century B.C. As a result 
of an earthquake in 17 A.D., Aigai suffered enormous damage (Umar 2002). And then it 
was rebuilt along with the other Aiol cities by the Emperor Tiberius in 34-35 A.D. 
(Doğer 2007) 
According to the information gathered from the excavations, some parts of Aigai 
were used as a Byzantine settlement in 12th and 13th centuries A.D. Small scaled 
churches and shops constructed in the Byzantine style represent this period (Aigai 
Excavation Report in 2004). 
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3.2. Placement of Aigai Bouleuterion 
 
 
The Aigai Bouleuterion is at the northern part of the site. It lies on Agora Street, 
next to the Agora and northwest of the market building (Figure 2, Figure 3, Figure 4). It 
is an example of three bouleuteria which were constructed on the natural slope of the 
area. The other ones are Patara and Metropolis Bouleuteria. The area where the 
bouleuterion was constructed is sloped through east and south. Slope difference in west-
south direction is 880 cm and 540 cm in north-south direction. North, south and west 
sides of the building are partially surrounded by small shops constructed in Byzantine 
era (Aigai Excavation Report in 2005). 
 
 
Figure 2. Topographic Map of Aigai (Source: Archive of Aigai Excavation 2008) 
 
  Bouleuterion 
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Figure 3.Google Earth view of Aigai (Google Earth 2007) 
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Figure 4. Topographic Map of Aigai (Source: Archive of Aigai Excavation 2005, Bohn 
and Schuchhardt 1889) 
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3.3. Plan Type and the Characteristics of Aigai Bouleuterion 
 
 
Characteristics and location of the findings show that the building was 
constructed between the late 2nd and early 1st century B.C. In other words it was 
constructed in late Hellenistic Period like other public buildings in the site. After Goth 
attacks to the city in late 2nd century A.D., it was partially damaged. Although some 
parts of the building were used in Byzantine time, other parts were demolished to reuse 
their building materials in 12th and 13th centuries A.D. In addition to these, a major 
earthquake in 17 A.D. was the cause for damage to many of the buildings (Aigai 
Excavation Report 2006). 
The Aigai Bouleuterion has a square plan scheme according to the classification 
of McDonald. He thought that the proportion of length and breadth of the building are 
within one meter of being equal but after the excavations it was understood that the 
building has not a square plan scheme. It is 23mx15m in dimensions from outer walls 
and 21.5mx13m from the interior walls. Wall thicknesses are; 50cm at the northern, 
89cm at the southern, 45cm at the eastern and 69cm at the western walls. The southern 
part of the building was more demolished then the other parts. It can be seen that the 
building was demolished from north to south (Figure 5). 
The borders of the Aigai Bouleuterion are linear from the outer section but the 
“cavea” is curvilinear (Figure 5). So the building may be classified in curvilinear plan 
scheme according to Öz’s classification (Referencing Gneisz 1990 and Balty 1991). The 
cavea is separated into two sections with stairs in the middle. There are 23 steps with 
approximately 50 cm width and 15 cm rise in each step. Sitting blocks of the cavea have 
12 layers and are approximately 34 cm high (Figure 5, Figure 6, Figure 7). Cut stones 
were used in the sitting blocks of the cavea and the highest sitting blocks are 
monoblock. From the number of sitting blocks, it may be determined that 150 people 
could occupy this section. The blocks are not suspended sitting platforms; they are 
settled on a natural slope of the area from west to east. Total level difference between 
the sitting platforms in the cavea is 350cm (Figure 5, Figure 11, Figure 12).  
East of the cavea is the “backstage” of the building. Backstage is a rectangular 
space 2.5mx13.5mx3m in dimensions. It is separated with interior Ionic columns and 
supported with bedrock from its east (Figure 5, Figure 6, Figure 9). Every single column 
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is formed with one base, three drums having different heights and one column capital 
(Figure 6, Figure 9, Figure 14, Figure 15). The height order of the drums in all columns 
is not the same but the total height of the columns should be the same in the original 
layout. In the original layout of the building, there must have been an entrance from the 
backstage. Characteristics of the findings show that the original floor covering of the 
backstage was compacted soil (Figure 5, Figure 13). 
West of the cavea is “orchestra” part of the building. Orchestra is partially 
circular like a Hellenistic theatre and rectangular space 13mx10m in dimensions. Today, 
its rectangular floor is totally collapsed. Only the circular part of it can be observed and 
this part also has an entrance to the building. There are two circulation spaces which 
combine the orchestra part to the backstage that can be observed today. One of these 
circulation spaces is at the northern part of the cavea, upstairs between the cavea and the 
northern wall. In the northern upstairs, there are 24 steps which are approximately 60 
cm wide withal rise of approximately 17 cm in each step. The other one is in the middle 
of the cavea as previously mentioned (Figure 5, Figure 12). 
There is a small rectangular area that was used to put sculptures in called “Niche 
with a Podium” at the northern part of the cavea. The space is 1.4mx6.3m in dimensions 
(Figure 5, Figure 12, Figure 16, Figure 17). 
The Aigai Bouleuterion settles on the natural slope of the area and it uses the 
slope by constructing small shops under the orchestra. There are eight rectangular 
spaces which were used as shops under the orchestra level, almost on street level 
(Figure 5, Figure 18, Figure 19). Shops are generally 300 cm lower than the orchestra 
level. This characteristic of using the level under the orchestra can only be seen in the 
Aigai Bouleuterion. The total dimensions of the shops are 13 m x 6 m. There were four 
spaces in the original layout of the building but after Byzantine wall additions, the 
number of the spaces was increased to eight. Every shop consists of two spaces 
connecting together with an entrance from east-west direction now. Since the entrance 
doors of the shops are original, it can be determined that the Byzantine wall additions 
are older restorations. Two shops have three holes on the basement. Characteristics and 
locations of the findings inside these holes show that these holes were consciously dug 
for religious reasons before the construction of the building (Aigai Excavation Report 
2006).  
The façades of the building was designed in Doric order. The west façade are 
made of rubble stone and the north (Figure 8, Figure 20), east (Figure 10, Figure 21) 
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and south façades (Figure 9, Figure 22) of the building are cut stone. The shape and the 
bonding system of the stones are more regular in the eastern and southern façades of the 
building. Western façade is partially composed of bedrock due to backstage space is 
under the original site level. There are four entrances on the east façade to the shops 
(Figure 10). The floor level of the bouleuterion can not be reached from the eastern 
façade. It can be seen that the entrances for the building which have to be two in the 
original layout were from the south, through the Agora. 
There are two tunnels in north-south direction (Figure 23, Figure 24) and the in 
west-east direction (Figure 25, Figure 26) around the Aigai Bouleuterion. These holes 
are called peristhasis and constructed for drainage of the building. 
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Figure 5. Plan of Aigai Bouleuterion
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Figure 6. Section AA of Aigai Bouleuterion 
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Figure 7. Section BB of Aigai Bouleuterion 
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Figure 8. Northern Façade of Aigai Bouleuterion 
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Figure 9. Southern Façade of Aigai Bouleuterion 
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Figure 10. Eastern Façade of Aigai Bouleuterion 
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Figure 11. General view of cavea 
 
 
Figure 12. General view of cavea and niche with podium 
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Figure 13. General view of backstage 
 
 
Figure 14. Backstage Columns Figure 15. Backstage Columns 
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Figure 16. Niche with podium 
 
 
Figure 17. Niche with podium 
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Figure 18. Shops 
 
 
Figure 19. Shops 
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Figure 20. North façade 
 
 
Figure 21. East façade 
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Figure 22. South façade 
 
 
Figure 23. Peristhasis in north-south direction 
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Figure 24. Peristhasis in north-south direction 
 
 
Figure 25. Peristhasis in west-east direction 
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Figure 26. Peristhasis in west-east direction 
 
 
3.4. Comparison with other Bouleuteria 
 
 
 As in every other archaeological findings and settlements, the Aigai 
Bouleuterion has cultural, technical, artistic, educational and documentary values 
(Madran and Özgönül 2005). In addition to these values, Aigai Bouleuterion is a very 
characteristic building when compared with other buildings of the same type. First of 
all, Aigai Bouleuterion is one of the few bouleuteria which is constructed on natural 
slope of the area. Second and the most important characteristic of the building is the 
usage of space under the orchestra part. The street level of the building consists of shops 
whereas the upper levels were used as bouleuterion. The combination of two different 
functions (administrative and commercial function) in one bouleuterion can only be 
observed in Aigai Bouleuterion today. 
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3.5. Construction Technique and Materials used in Aigai Bouleuterion 
 
 
The usage of local stone quarries in ancient city constructions was one of the 
main rules of the ancient cities. It was useful both to reduce the labor force and financial 
expenses. Local stone quarries of ancient cities can not be determinate in most of the 
ancient cities as the ancient city of Aigai. This is mainly because of clearing the stone 
quarries away by deterioration processes like vegetation formation occurred on the 
quarries. Detailed surface researches should be applied to find out the local quarries. 
Stones used in the city constructions can be determined by the visual observations to the 
local stone characteristics and important surface differences in the deepness of the 
environment (Naumann 1975). Together with the visual observations, local techtonic 
activity and geological setting of the site has to be explained to have a better knowledge 
of the local quarries and for better understanding of the local stones. 
Western Anatolia has been affected by extensional tectonics since the Early 
Miocene (5.3 million– 23.7 million B.C.). The Miocene stratigraphy began with alluvial 
fan deposits and laterally passed to fluviatile deposits (Aydar 1998). As mentioned 
before, Aigai is situated almost on top of Mount Gün, which is a part of the Yuntdağ 
mountain chain. The Yuntdağ mountain chain consists of Yuntdağ volcanics, which is 
one of the three rock associations of the Dumanlıdağ volcano, which was activated in 
Early Miocene period. It is the lowermost unit of Dumanlıdağ volcano and are 
dominated by red-gray andesites that are the alterations of andesitic and trachyandesitic 
lavas (Figure 27) (Akay, et al. 2004). 
It can be observed that the stones used in the construction system of Aigai 
Bouleuterion are the same stones of the environment. For this reason, it can be 
determined that the stone that was used is red-gray andesite in the bouleuterion which 
was constructed with masonry construction system. In the northern, eastern and 
southern façade walls cut stone was used. The other walls were constructed with rubble 
stone (Figure 28). Bonding style of the walls shows that the interior spaces of the shops 
were reconstructed in Byzantine time in the 12th or 13th century A.D. Sand was applied 
as a binding material for the andesites (Figure 28). 
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Information gathered from the excavation shows that, there were undecorated 
lime plasters on the interior walls. Some may still be observed on the northern part of 
the backstage wall (Figure 29). 
There is an altar foundation in the eastern part of the wall that is in north-south 
direction and separates the orchestra and the shops east of it. This foundation was 
constructed with cut marble stones and settled on the bedrock (Figure 30, Figure 31). 
Like the walls, the columns and the sitting platforms were constructed with 
andesite. Like Metropolis Bouleuterion, which was constructed in the same period with 
Aigai Bouleuterion, stone platforms were put together with soil infill on the natural 
slope of the site (Figure 32, Figure 33). In the original layout of the building, parts of 
the columns were clamped together using plumbic clamps at their holes in the middle of 
the profiles. Column basements were constructed on the clear-cut stone platforms. The 
foundation of these platforms, which is composed of small rubble stones and soil as a 
binding material, can be observed in southern cavea (Figure 34). In stone platforms of 
the cavea, first the lowest plane of stones were horizontally settled and the rising stones 
were settled vertically behind it. Then, decorated stone supports were settled to the two 
sides of these rising stones. The section between the site and the risings and supports 
were filled with compacted soil and small stone pieces and finally covered with two cut-
stone pieces. One of these cut stone pieces was put through the rear, and the other was 
put through the front of the stone platform. The ones put through the rear of the 
platform were the walking platform and the other ones were the sitting platforms. The 
junction points of these horizontally put platforms were settled on the decorated 
supports (Figure 35). There are small holes on the decorated supports where the borders 
of the stairs passing through the cavea in east-west direction. These holes were probably 
made as clamp holes to combine the balusters with the decorated supports by using 
plumbic (Figure 36). 
In the following sections, the physical, chemical and mineralogical 
characteristics of the andesites as the main structural material used in Aigai 
Bouleuterion the weathering process of andesites will be explained to make a better 
understanding of the stone deteriorations of the case study and their reasons. 
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Figure 27. Geological map of the Aliağa-Foça Region and the generalized stratigraphic 
column of the Neogene succession (Source: Akay, et al. 2004) 
 
The region where Aigai is located 
Red, porphyritic andesites
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Figure 28. Construction Detail of southern wall of Aigai Bouleuterion
 
 
 
Figure 29. Undecorated lime plasters on the interior walls of backstage 
Undecorated lime plasters 
Undecorated lime plasters
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Figure 30. Foundation of altar Figure 31. Foundation of altar
 
 
 
Figure 32. Stone platforms of Aigai Bouleuterion 
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Figure 33. Stone platforms of Metropolis Bouleuterion 
 
 
Figure 34. Foundation of columns 
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Figure 35. Construction system of stone platforms 
 
 
Figure 36. Clamp holes 
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CHAPTER 4  
 
 
WEATHERING OF CONSTRUCTION MATERIALS OF 
AIGAI BOULEUTERION 
 
 
As it was mentioned before, andesite is the main structural material of Aigai 
Bouleuterion. In this chapter, general characteristics of andesites and weathering 
process of andesites both buried and excavated ones will be defined for better 
understanding of weathering process of andesite in Aigai Bouleuterion before and after 
its excavation. 
 
4.1. General Characteristics of Andesite 
 
 
The classification of the rocks was made on the basis of their formation 
processes. According to this classification, there are three types of rocks that form the 
Earth’s crust. These are; 
• Sedimentary rocks are formed by the deposition of the material at the Earth’s 
surface. 
• Igneous rocks are formed by the fusion of the rock material deep inside or 
nearby the Earth’s surface (Howe 2001). In other words, they are formed by 
the cooling and consolidation of the rock material newly risen from the 
deeper level of the Earth (Spock 1953). 
• Metamorphic rocks are formed by the diversifications of the structure and 
composition of sedimentary or igneous rocks, since their first formation 
(Howe 2001). 
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Andesite, which takes its name from the Andes, the volcanic mountain chain in 
South America, was classified in igneous rocks with its formation process in 1835 
(Pearl 1959). 
 Molten rock called magma is the origin of the igneous rocks. All the types of the 
igneous rocks are formed by the solidification of the magma. On the basis of their 
formation places, there are two types of igneous rocks. These are; 
• Intrusive igneous rocks which have solidified in the Earth’s interior. 
• Extrusive igneous rocks which have solidified at or quite near the Earth’s 
surface (Press and Siever 2002). 
When rock melts deep inside the earth, its density decreases and it tends to move 
to the surface of the Earth. During this movement, minerals that form the rocks start to 
crystallize due to cooling. According to Bowen’s Reaction Principles, this movement of 
the magma starts at 1400 °C and finishes at 570 °C. Above 1400 °C, there are no 
minerals in magma. Cooling process of rock is essential because it determines the 
texture and chemical and mineralogical composition of the rock. Most of the igneous 
rocks are the mixture of eight silicate minerals which are olivine, pyroxene, amphibole, 
biotite, plagioclase (both calcium and sodium), orthoclase, muscovite, and quartz. These 
minerals form in different temperatures and it determines the chemical and mineral 
composition of the rock. When temperature decreases below 1400 °C first olivine and 
calcium plagioclase starts to crystallize. First minerals formed in magma are iron and 
magnesium rich minerals since they have high density. The minerals formed at the end 
(orthoclase, muscovite and quartz) are potassium and silica rich minerals that have low 
density. These last minerals form at 570 °C (Fichter and Farmer 1975). 
There are two ways to determine the igneous rocks. Modern classification of 
igneous rocks groups according to their texture and chemical composition based on the 
silica minerals they contain. Both of them are important in the classification of the 
igneous rocks because although two different igneous rocks have the same chemical 
properties, they can have different textures (Press and Siever 2002). 
Texture of the rock means the size, shape and the permutation of the rock 
forming minerals composing the rock. Texture is in a direct relationship with the 
cooling process of the rock. There are six types of igneous rock textures. These are; 
• Phaneritic (coarse grained) texture forms with the slow cooling process of 
the magma. When magma cools slowly, the minerals have enough time to 
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combine and form bigger minerals in size. As a result, the mineral crystals 
can be seen with a naked eye. 
• Aphanitic (fine grained) texture forms with the rapid cooling process of the 
magma. So the minerals do not have enough time to combine and form 
bigger minerals in size. As a result, great amount of small sized mineral 
crystals are formed and they can not be seen with a naked eye. 
• Porphyritic (both coarse and fine grained) texture contains large mineral 
crystals surrounded by small ones. 
• Glassy textured igneous rocks do not have crystallized minerals. Their atoms 
arrange in a crystalline manner. 
• Cellular texture looks like a sponge because it contains gas bubbles in it. It 
can be aphanitic, porphyritic or glassy. 
• Fragmental texture forms with the different fragments discharged from 
volcanoes and combined together (Fichter and Farmer 1975). 
As it was mentioned before, beside texture, igneous rocks are classified 
according to their chemical composition based on silica content. According to this, there 
are; 
• Ultramafic igneous rocks contain less than 45 % of silica. 
• Mafic (acid) igneous rocks contain between 45 % and 52 % of silica. They 
are rich in magnesium and iron and also they are dark in color. 
• Felsic (basic) igneous rocks contain more than 65 % of silica. They are poor 
in magnesium and iron but rich in minerals that are high in silica such as 
quartz, orthoclase, feldspar and plagioclase (both calcium and sodium). They 
are light in color. 
• Intermediate igneous rocks contain between 53 % and 65 % amount of 
silica. They are not as rich in silica as felsic, nor as poor in silica as mafic 
rocks. They can be both light and dark colored (Press and Siever 2002). 
According to the information given above, andesite, as an extrusive aphanitic 
(fine grained) igneous rock is formed by the rapid cooling of magma at or near the 
Earth’s surface. Chemically, it is an intermediate igneous rock with 53-65 % silica 
content. In mineral composition it is composed of plagioclase feldspar (such as albite, 
andesine, labradorite and anorthite) with little or no quartz and it may contain some 
mafic minerals such as amphibole, biotite, and pyroxene (Fichter and Farmer 1975). 
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Unaltered andesites are usually gray or a gray green in color, seldom as light as rhyolite 
or as dark as basalt (Spock 1953). 
 
4.2. Andesite as a Building Material 
 
 
Andesite is a material that is easily pliable (Howe 2001) and they are generally 
seen as hill slopes which are difficult to climb in Anatolia. This characteristic of 
andesite makes it precious building material for ancient populations to construct their 
castles and city walls on it (Naumann 1975). The amount of the porosity is between 3 % 
and 6 %. Andesite was preferred as a building material because it also gives moderate 
results in crushing tests and clamps together with mortar well (Howe 2001). 
 
4.3. Weathering Process of Andesites 
 
 
 Weathering is the process of alteration and breakdown of rock or soil materials 
at and near the Earth’s surface by physical, chemical and biologic processes (Selby 
1993). In other words, weathering is the general process by which buried or exposed 
stone is disintegrated and decomposed by many reasons. The characteristics of the 
stones and the environment where they are located are the most important factors that 
effect their deterioration. The weathering characteristics of the same rock types can be 
widely different depending on the burial and exposure conditions (Fidler 2002, Lee and 
De Freitas 1989, Lisci, et al. 2003). Variety of rocks in texture, structure and mineral 
composition causes varieties in the weathering forms (Press and Siever 2002). Both 
during burial and exposure, it takes place in three ways (Pope, et al. 1995). 
Chemical weathering results from the alteration or decomposition of stone 
minerals by chemical reaction which occurs between the stone and air or water. 
Chemical weathering of the stone takes place because of hydrolysis, dissolution and 
oxidation processes of the minerals. It abrades the stones and generally occurs with the 
effects of air pollution. One of the most important consequences of chemical weathering 
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is that causing the development of soils that promotes physical, chemical and biological 
weathering on stones (Bohn, et al. 1979). 
Physical weathering occurs when solid rock becomes fragmented by physical 
processes. Physical weathering of rocks does not change their chemical composition but 
breaks up the stones into smaller pieces (Press and Siever 2002). 
Biological weathering results from the activities of the living organisms such as 
plants, algae, fungus and bacteria. The chemical and/or physical activities of these 
living organisms cause disintegration of soil and stone minerals. Biological weathering 
slows the weathering process of stone down and is generally caused by air pollution 
(Lee and Yi 2006). 
Chemical, physical and biological weathering supports each other. Chemical 
weathering causes weaker strength of rock against the breakage and physical weathering 
causes more surface area for chemical weathering. As mentioned before, biological 
weathering caused by physical and chemical activities of living organisms and rot 
pressures of these living organisms, physical weathering occurs (Lee and Yi 2006). 
 
4.3.1. Weathering Process of Buried Andesite 
 
 
 Weathering process of buried stones is an active and ongoing process (Williams, 
et al. 1986) that occurs in the intersection of the stone and the soil that covers it (soil 
substratum) (Thorn, et al. 2002). There are a series of factors that affects the weathering 
of buried andesite. These are,  
Ground climate is one of the most critical factors that contribute to this process 
(Pope, et al. 1995). Variability in soil temperatures beneath the earth directly promotes 
physical weathering of the buried stones and determines their weathering intensities. It 
can not cause the chemical and biological weathering processes directly but contributes 
to these weathering processes (Thorn, et al. 2002). 
Topoclimate of soil substratum is affected by soil type, vegetation cover (plant 
regime), water retention capacity and snow cover of the topography (Thorn, et al. 2002). 
Soluble salt content and clay mineralogy of soil such as the percentage silt plus clay are 
an important factor of soil type of substratum. The distribution of soluble salts in soils 
and stones is controlled by several independent processes (diffusion of dissolved ions, 
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water capacity and the activities of living organisms). Dissolved salt minerals can 
penetrate to the stone pores easily and as a physical weathering, crystallization and 
dissolution of salt minerals in the pores of the stone cause cracks (Scherer 2006). Clays 
are all fine grained material in geological formations (Agricola 1955) and soils (de 
Serres 2001). In other words, clays are fine grained (size less than 2 μm) mineral 
components which have good capacity of hydration and which give plasticity to rocks 
and materials (Guggenheim and Martin 1995). Because of their huge outer and inner 
surfaces per unit, clays are very reactive minerals (Velde and Meunier 2008) and they 
can form and transform both at surface and subsurface of the Earth and also at 
weathered rocks. The more soil contains clay, the more it increases water retention in 
soil and thus promotes chemical weathering of buried stone with its contact with water 
(Thorn, et al. 2002). As a chemical weathering in igneous rocks, when stone minerals 
react with water, hydration occurs and as a result of this feldspar (one of the key 
minerals in many igneous rocks) alters in kaolinite clay which is composed of silicate 
sheets (Si2O5) bonded to aluminum oxide/hydroxide layers (Al2(OH)4) (Press and 
Siever 2002). Plagioclase feldspars decompose to iron oxyhydroxides (limonite band) 
which occurs beneath the surface and creates a bleached outer margin of the stone and 
opens hydrothermal veins and dissolution voids and thus, potential parts for further 
stone disintegration (Curran, et al. 2002). 
The chemical reaction of water with carbon dioxide (CO2) gas penetrated to the 
Earth’s subsurface from the atmosphere forms carbonic acid (H2CO3) which is the most 
common natural acid for increasing the weathering rates by dissolving the minerals 
(Press and Siever 2002). 
 
Carbon dioxide (CO2) + water (H2O) → Carbonic acid (H2CO3) 
 
Carbonic acid also can be formed in rainwater which is retained by clay minerals 
of soil. Carbonic acid dissolves feldspar by reacting with water again and makes the 
solutions less acidic. Reaction occurred with water (H2O), carbonic acid (2H2CO3) and 
feldspar (2KAlSi3O8) forms dissolved kaolinite (Al2Si2(OH)4), dissolved silica (4SiO2), 
dissolved potassium (2K+), and dissolved biocarbonate ion (2HCO3-) (Press and Siever 
2002). 
 
2KAlSi3O8 + 2H2CO3 + H2O → Al2Si2(OH)4 + 4SiO2 + 2K+ + 2HCO3- 
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Besides dissolving the minerals, the water stored by soil also promotes physical 
weathering by flowing through soil and stone pores with its gravitational forces 
(Chesworth 1992) and creating new pathways for water and clay minerals. This action 
of water and swelling and shrinkage of clay minerals in pathways widens the cracks at 
mineral boundaries and creates new weathering areas (Pope, et al. 1995). When soil, 
water and air coexist together, the plant formation/vegetation occurs (Velde and 
Meunier 2008).  
Plant formation integrates many of the weathering factors (Thorn, et al. 2002). 
Concerning the type of clays in soil-stone interaction zone (soil horizon), plant 
formation is more effective than climate alone in weathering. For better understanding 
of effects of plant formation/vegetation for buried stones, soil-stone interaction zone 
and the components of soil profile at this zone (Figure 37) at the subsurface should be 
known. The zones labeled as A0 and A1 (A horizon) are the root zones and also known 
as rhizosphere, where the interaction of the plants and clays is optimum (Amundson 
2003, Velde and Meunier 2008). Plant root zones are the places where water, air and 
clays coexist. These environments beneath the Earth are the organic material zones and 
promote biological weathering by playing host to a variety of life forms such as 
bacteria, lichen and other organisms which also creates acidic environment and causes 
chemical and physical weathering (Velde and Meunier 2008). Forces created by the 
roots of these life forms and vegetations cracks the buried stone surface and mineral 
grains creating tunnels through the stone and increase the porosity which allows more 
contact between stone, water and clay (April and Keller 1990, Colin, et al. 1992). As a 
physical process, roots of the vegetations bind the fine particles in the soil and thus 
increase the capacity of water retention results in chemical weathering of buried stone 
(Drever 1994). The zones labeled as Bh and B (B horizon) are formed with the 
accumulation of the clay minerals in soil and the clay minerals formed after physical 
and chemical weathering of buried stone. The clay minerals in soil move down to these 
zones with water flow gravitational movement from the surface and mix with the altered 
clays formed by water-stone interaction (C horizon clays). With the erosion of A 
horizon zone, mixed layer of B horizon layer takes its place. The zone labeled as C is 
the altered stone zone. The most important process in this zone is that hydration and 
chemical dissolution of stone minerals. As a chemical weathering, anhydrous and low 
hydration state rock minerals are transformed into hydrous (OH) forms in C horizon. 
Physical weathering occurs with the penetration of clay mineral into the pores and 
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creation of cracks in the surface of the stones with its swelling and shrinkage and/or 
freeze and thaw actions (Velde and Meunier 2008). Plants also affect the ground 
temperature by shading the soil surface and reducing surface albeo (Kelly, et al. 1992). 
 
 
 
Figure 37. Soil-Weathered rock interaction zone and the components of soil profile 
(Source: Velde and Meunier 2008) 
 
 
Soil pH value is determined by the plant regime which is governed by clay 
mineralogy of soil and rainfall. The life forms occurred beneath the Earth decomposes 
litterfall from trees and creates an acidic environment with low pH value. In other 
words, low pH value or acidic environment means, more hydrogen ions (H+) in the 
environment. Hydrogen ions (H+) have great tendency to combine with other substances 
chemically and this property of hydrogen ions makes it an excellent solvent (Press and 
Siever 2002). This characteristic of hydrogen ions causes chemical weathering as 
dissolution of silicate minerals and the formation of sandy horizon (B horizon) in the 
soil-stone interaction zone (Velde and Meunier 2008). 
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Surface movement of geological materials is very important factor in weathering 
because the displacement of clay minerals promotes new chemical reactions and 
weathering profiles. Slopes, water movement and geomorphologic forces are the 
transportation system of the geologic materials. With the movement of the geological 
materials, the formation of new clay zones occur and this situation first changes the 
plant zones and finally promotes all the weathering processes with penetration of clay 
minerals and soluble salts into the stone pores mentioned above (Velde and Meunier 
2008). 
Drainage is the most important local factor in weathering pattern (Curran, et al. 
2002) in the movement of water which affects the moisture in soil and chemically reacts 
with stone, soil, plant regime and CO2.gas from the atmosphere. As a conclusion, poor 
drained sites exhibit higher weathering rates than well-drained sites (Thorn, et al. 2002, 
Velde and Meunier 2008) because the water serves as a vehicle to carry chemically 
active substances such as oxygen and carbon dioxide (Spock 1953). 
Stone size is another important factor in weathering process of burial stones. 
With the incensement of the stone size, the weathering rate of stone increases because 
bigger size means greater surfaces to weather (Thorn, et al. 2002). 
 
 
4.3.2. Weathering Process of Exposed Andesite 
 
 
Exposure of burial stones accelerates weathering process especially starting with 
physical and chemical weathering and continues with both physical, chemical and 
biological weathering depends on environmental conditions. Structural and 
mineralogical weakness of stones occurred during burial increases within a few months 
of exposure (Curran 2002). As mentioned before, the weathering characteristics of the 
same rock types can be widely different depending on the exposure conditions (Fidler 
2002, Lee and De Freitas 1989, Lisci, et al. 2003) and variety of stone in texture, 
structure and mineral composition causes varieties in the weathering forms (Press and 
Siever 2002). As for the andesites, there are four important factors affecting the stone 
weathering. These are; 
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Characteristics of the stone itself; different stones contain different types and 
amounts of minerals. Different stone minerals weather at different rates and therefore 
their susceptibility to weathering differ (Press and Siever 2002). In many cases, 
physical, chemical and biological weathering characteristics of the stone differ from one 
another, as the composing rock types are different (Fidler 2002, Lee and De Freitas 
1989, Lisci, et al. 2003). 
The climate; for the stones exposed to the environmental climatic conditions, the 
most important effect of the climate is caused by living organisms and vegetation which 
have chemical, physical and biological weathering effects on the stones mentioned 
above. For example, lichen colonization promotes chemical weathering of stone by its 
reaction with carbon dioxide (CO2) in the atmosphere. This reaction produces carbonic 
acid (H2CO3) and so decreases the pH value of the environment. In this acidic 
environment, the organic and inorganic salts produced by lichens promote cracks on 
the stone surface with its swelling and crystallization action as a physical weathering. 
Penetration of hyphae of lichens through the voids in the stone causes mechanical force 
as a physical weathering which also promotes chemical weathering in creating new 
places for clay and salt minerals (Chen, et al. 1999). High temperatures and heavy 
rainfall supports the growth of these organisms and low temperatures and aridness slow 
this process down. The climate also supports physical weathering with freeze and thaw 
cycle of water which widens the cracks on the stones. As mentioned before, the 
chemical reaction between the water and some stone minerals causes the alteration of 
these minerals (Press and Siever 2002). 
The presence or absence of soil; As mentioned before, soil is composed of clay 
minerals altered from the stone minerals and fragments of bedrock. It is also a product 
of weathering and its amount effects chemical, physical and biological weathering 
(Press and Siever 2002). When soil starts to form due to weathering, it starts (supports) 
to weather stone very quickly. This process can be called as “positive – feedback 
process”. Soil also itself impedes the weathering process. If the stone is buried, soil 
preserves it from the effects of the climate and atmospheric conditions. Compared with 
exposed stones, buried stones weather more slowly (Curran, et al. 2002, Press and 
Siever 2002). 
The length of time that the stones are exposed to atmospheric conditions; The 
effects of atmospheric conditions support weathering process as a kinetically controlled 
process (Velde and Meunier 2008). Meanwhile, the longer the stones are exposed to 
 51
atmospheric conditions without any prevention, the more it weathers (Press and Siever 
2002). 
Among them, the physical and chemical characteristics of the stone, which was 
the building material of Aigai Bouleuterion, was briefly mentioned before and the 
characteristics of soil in the building and clay formation due to weathering will be 
mentioned in detail. For better understanding of weathering process of Aigai 
Bouleuterion, vegetation cover, topography and climatic characteristics of the site and 
the brief excavation history to know time of exposure to atmospheric conditions have to 
be mentioned. 
 
4.4. Vegetation Cover of the Site 
 
 
The population of vegetation covers increases through the top of the site where 
the ancient city of Aigai was constructed. East and northeast parts of the site are 
generally covered with the number of olea europaea (olive tree - zeytin delicesi) trees. 
The amount of quercus aucheri (bozpıral), has three or four meters of height and was 
used for charcoal production by the inhabitants, increases in lower parts of the east and 
northeast parts of the settlement. Vitex angus – castus (hayıt bitkisi) can be observed 
where the ancient cisterns were located. There are also arum nicalli (yılanyastığı), 
picnomon acarna (sarıdiken) as a seasonal plant, pistacia terebinthus (ahlat) which is the 
only edible vegetation grows in the site and quercus cerris (meşe palamutu) in the 
vegetation variation of the settlement.  
 
4.5. Excavation History and Time of Exposure of Aigai Bouleuterion 
 
 
As mentioned before, the excavation of Aigai Bouleuterion started in 2004 and 
was completely finished in 2006. Before excavation works, the bouleuterion was buried 
in soil and stone debris of the building. Only some parts of the east façade and the 
corners of the sitting platform in the highest level could be observed. There were also 
high density of plant formation and olea europaea (olive tree - zeytin delicesi) on the 
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stone debris and soil cover (Table 3, Table 4, Table 5). Collapsed building stones were 
generally in front of the south and east façades. Excavation works started with removing 
of soil and stone debris on cavea and orchestra in 2004 to find out the original layout of 
the building. After cavea and orchestra, the debris on the debris of backstage was 
excavated. The original floor level of backstage was reached between 15 cm and 100 
cm beneath the debris. The southern part of backstage was drilled approximately 20 cm 
to decipher the construction technique of the stage under the columns separating cavea 
and backstage. Finally the section between the backstage and cavea and the southern 
part of east façade were excavated. The original floor level of the Agora Street in front 
of the eastern façade was reached approximately 85 cm beneath the debris. Excavations 
started at the northern part of east façade in 2005. The debris was approximately 160 cm 
there. Then, the eastern corner of the building and finally two shops at the northern part 
of the bouleuterion were excavated. The original floor level of the shops were reached 
120-180 cm underground (except the southern section of the northern shop). In 2006, 
the southern façade of the building and two shop spaces at the southern section were 
totally excavated. The original floor levels of the shops were reached under the debris 
ranging between 160 and 200 cm. Finally, the north façade of the building excavation 
started. The excavation of the Aigai Bouleuterion was completed in 2007 (Table 3, 
Table 4, Table 5). 
To sum up the exposure times of the spaces of the bouleuterion; orchestra, cavea 
and backstage have been exposed to atmospheric conditions for four years, two of the 
shops at northern section of the building for three years and the other two shops and 
northern façade for two years (Aigai Excavation Report 2004, 2005 and 2006). 
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Table 3. Excavation History of Backstage and Cavea 
Time Back Stage Cavea 
B
ef
or
e 
Ex
ca
va
tio
n 
 
(Source: Archive of Aigai Excavation) 
 
(Source: Archive of Aigai Excavation) 
20
04
 
 
(Source: Archive of Aigai Excavation) 
 
(Source: Archive of Aigai Excavation) 
20
05
 
  
20
06
 
 
(Source: Archive of Aigai Excavation) 
 
(Source: Archive of Aigai Excavation) 
 (cont. on next page) 
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Table 3. (cont.) Excavation History of Backstage and Cavea 
 
20
07
 
 
(Source: Archive of Aigai Excavation) 
 
20
08
 
  
 
 
Table 4. Excavation History of Shops and Eastern Façade 
Time Shops Eastern Façade 
B
ef
or
e 
Ex
ca
va
tio
n 
 
(Source: Archive of Aigai Excavation) 
 
(Source: Archive of Aigai Excavation) 
20
04
 
 
(Source: Archive of Aigai Excavation) 
 
(Source: Archive of Aigai Excavation) 
 (cont. on next page) 
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Table 4. (cont.) Excavation History of Shops and Eastern Façade 
 
20
05
 
 
(Source: Archive of Aigai Excavation) 
 
(Source: Archive of Aigai Excavation) 
20
06
 
 
(Source: Archive of Aigai Excavation) 
 
(Source: Archive of Aigai Excavation) 
20
07
 
  
20
08
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Table 5. Excavation History of Northern Façade and Southern Façade 
Time Northern Façade Southern Façade 
B
ef
or
e 
Ex
ca
va
tio
n 
 
(Source: Archive of Aigai Excavation) 
 
(Source: Archive of Aigai Excavation) 
20
04
  
Unexcavated 
 
Unexcavated 
20
05
 
 
 
 
Unexcavated 
 
(Source: Archive of Aigai Excavation) 
20
06
 
 
 
 
Unexcavated 
 
20
07
 
  
(cont. on next page) 
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Table 5. (cont.) Excavation History of Northern Façade and Southern Façade 
 
20
08
 
  
 
 
4.6. The Climatic Characteristics of the Site 
 
 
Climate is one of the most effective environmental factors, which affect the 
weathering process of the building materials, of both underground and exposed to 
atmospheric conditions (Press and Siever 2002). For better understanding of exposed 
stone weathering process, the climatic parameters of the ground and environment which 
promote the stone weathering have to be taken into account with stone and soil 
properties as a whole. For that reason, the climatic conditions such as temperature, 
moisture, wind speed and rainfall of the area where the studied building is situated have 
to be identified (İpekoğlu, et. al. 2007). Since the weathering process is both under and 
above the ground (Press and Siever 2002), the effects of the climate to both were 
analyzed. For this reason, the essential environmental climatic parameters were taken as 
temperature, relative humidity, dew point temperature, rainfall, and ground climate 
parameters as soil temperatures at different levels of Manisa city, district of Manisa, in 
which the ancient city of Aigai is situated, were examined from the recorded data taken 
from the General Directorate of State Meteorological Affairs, Ankara. Among them, 
monthly average values of soil temperature for between 1996 and 2006 at 5 cm, 10 cm, 
20 cm, 50 cm, 100 cm below ground level were evaluated in order to understand the 
weathering process before excavation. The average ambient temperature and relative 
humidity values recorded at 7:00, 14:00 and 21:00 of the years between 2004 and 2006 
were evaluated for better understanding of the weathering process of the case study after 
its excavation. Since recorded dew point temperatures of the same time intervals could 
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not be collected, evaluation of effects of the dew point temperatures on weathering of 
Aigai Bouleuterion was made upon the monthly average values of dew point 
temperatures of the site. 
 Average monthly values of relative humidity for the winter months December, 
January and February is over 80 % and temperature displays its lowest seasonal values 
ranging between 3 and 5 °C at 07:00 (Figure 38). At 14:00, the temperature rises above 
8 °C and the relative humidity decreases to 60 % (Figure 39). At 21:00, the temperature 
drops below 6 °C and the relative humidity increases over 70 % (Figure 40). Monthly 
average dew point temperatures range between 2 °C and 4 °C (Figure 41) and the 
average rainfall value reaches over 100 mm / square meter (Figure 42). The monthly 
average wind speed changes between 1.1 m/sec and 1.7 m/sec (Figure 43). The average 
values of soil temperature 5 cm underground is over 6 °C for winter months of last 
decay (Figure 44). The value increases over 7 °C at 10 cm (Figure 45), over 8 °C at 20 
cm (Figure 46), over 9 °C at 50 cm (Figure 47) and over 11 °C at 100 cm underneath 
the earth surface (Figure 48). 
 During March and April of spring and October and November of autumn, at 
7:00, the relative humidity values range between 70 % and 85 % and the ambient 
temperatures range between 7 and 12 °C (Figure 38). The relative humidity values 
reduce to the ranges between 48 % and 60 % while the ambient temperature values 
increase to around 20 °C at 14:00 (Figure 39). At 21:00, the ambient temperature drops 
below 20 °C and the relative humidity values range between 55 % and 75 % (Figure 
40). The average rainfall values change in a big range between 42 mm / square meter in 
October and 99 mm / square meter in November (Figure 42). Monthly average dew 
point temperatures change between 4 °C and 10 °C (Figure 41) and the average wind 
speed changes between 1.1 m/sec and 1.5 m/sec. (Figure 43). The average soil 
temperatures underground for the last decay are around 15 °C for all the levels of 5 cm, 
10 cm, 20 cm, 50 cm and 100 cm underneath the earth surface (Figure 44, Figure 45, 
Figure 46, Figure 47, and Figure 48). 
 The ambient temperature, relative humidity, dew point temperatures, average 
rainfall and wind speed values of the months May of spring and September of autumn 
are between the spring and summer months (Figure 38, Figure 39, Figure 40, Figure 41, 
Figure 42, Figure 43). But the average soil temperature values of last decay are closer to 
summer months having around 25 °C from earth level to 1 m below the earth level 
(Figure 44, Figure 45, Figure 46, Figure 47, Figure 48). 
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 During the summer months, at 7:00, the average ambient temperature is 22 °C 
while the relative humidity is around 65 % (Figure 38). At 14:00, the temperature rises 
above 32 °C having its optimum values and the relative humidity reduces to 37 % 
(Figure 39). The relative humidity values increases to 50 % and the ambient 
temperature drops to 25 °C at 21:00 (Figure 40). Like the ambient temperature values, 
dew point temperatures show their maximum values ranging between 11 and 13 °C 
(Figure 41) although the average rainfall values have their minimum values with 6 mm / 
square meter (Figure 42). While this value was less than 6 mm / square meter, the 
average rainfall values of June 2005 and 2006 promoted the rate. The wind speed ranges 
between 1.6 m/sec and 1.8 m/sec. (Figure 43). The soil temperatures at 5 cm, 10 cm and 
20 cm underground are 30°C (Figure 44, Figure 45, Figure 46) and 29°C at 50 cm 
(Figure 42). Below 100 cm, the temperature ranges between 22 and 28°C (Figure 48). 
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Figure 38. Average values of the average Monthly Values of Ambient Temperature and
Relative Humidity between the years 2004 and 2006; hour: 7:00 (Source:
General Directorate of State Meteorological Affairs, Ankara) 
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Figure 39. Average values of the average Monthly Values of Ambient Temperature and
Relative Humidity between the years 2004 and 2006; hour: 14:00 (Source: 
General Directorate of State Meteorological Affairs, Ankara) 
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Figure 40. Average values of the average Monthly Values of Ambient Temperature and
Relative Humidity between the years 2004 and 2006; hour: 21:00 (Source: General
Directorate of State Meteorological Affairs, Ankara) 
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Figure 41. Average values of the average Monthly Values of Dew Point Temperatures
between the years 2004 and 2006 (Source: General Directorate of State
Meteorological Affairs, Ankara) 
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Figure 42. Average values of the average Monthly Values of Rainfall between the years
2004 and 2006 (Source: General Directorate of State Meteorological Affairs,
Ankara) 
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Figure 43. Average values of the average Monthly Values of Wind Speed between the
years 2004 and 2006 (Source: General Directorate of State Meteorological
Affairs, Ankara) 
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Figure 44. Average values of the average Monthly Values of Soil Temperature between
the years 1996 and 2006 at 5 cm underground (Source: General Directorate of 
State Meteorological Affairs, Ankara) 
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Figure 45. Average values of the average Monthly Values of Soil Temperature between
the years 1996 and 2006, at 10 cm underground (Source: General Directorate 
of State Meteorological Affairs, Ankara) 
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Figure 46. Average values of the average Monthly Values of Soil Temperature between 
the years 1996 and 2006, at 20 cm underground (Source: General Directorate 
of State Meteorological Affairs, Ankara) 
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Figure 47. Average values of the average Monthly Values of Soil Temperature between 
the years 1996 and 2006, at 50 cm underground (Source: General Directorate 
of State Meteorological Affairs, Ankara) 
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Figure 48. Average values of the average Monthly Values of Soil Temperature between the 
years 1996 and 2006, at 100 cm underground (Source: General Directorate of 
State Meteorological Affairs, Ankara) 
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 The rapid variability in soil temperatures which can affect the physical 
weathering of the buried andesites (Thorn, et al. 2002) could not found till the 100 cm 
depth in the average values of the average monthly values of soil temperature between 
the years 1996 and 2006. 
 The situation of the average rainfall is being high while wind speed is low 
increases the humidity in the building. Condensation of water occurs when the 
temperature of the environment is lower then its dew point (İpekoğlu, et al. 2007). If the 
ambient environment is humid and the surface temperature of the building material is 
lower than the dew point, the moisture in the air condenses on the building material 
(Oxley and Gobert 1985). When these entire data are considered, the condensation of 
water on the building material mostly occurs at 7:00 in the winter months in the Aigai 
Bouleuterion. This is because in winter months, the average seasonal values of the 
ambient temperature is low, the values for the rainfall is maximum while wind speed is 
at one of its lowest values causes high relative humidity value in the environment. To 
sum up, when both the environmental climatic data are considered, the climatic 
conditions at this site exacerbate the deleterious action of weathering process in winter 
months. 
 
 
4.7. Present Condition of Aigai Bouleuterion 
 
 
At present, the bouleuterion is partially demolished, with the southern wall 
almost completely collapsed, due to previously mentioned occurrences. The roof 
construction and floor coverings may not be observed (Figure 49).  
As mentioned before, stone weathering of the Aigai Bouleuterion has been a 
serious and ongoing problem. After excavation, various vegetation formations have 
been observed in various parts of the structure. Due to these plant formations and 
humidity, there is deterioration in the masonry system. These deteriorations have been 
identified as discharging of soil that is the binder material, breaks or cracks in the stone 
material, surface scaling of stone members and development of bleached outer margin. 
All these deteriorations result in material loses in the walls and stone platforms. 
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The most important structural deterioration of the building can be observed at 
the northern wall. There are tree growths around this wall (Figure 50, Figure 51). Due to 
the strength applied by the roots of the trees, northern wall has a deflection through the 
south (Figure 52, Figure 53). 
Collapses due to discharging of soil may be observed in various parts of the 
building. The wall between the shops and the orchestra has undergone considerable 
collapse for this reason (Figure 54). Discharging of soil may be observed in walls 
between and inside the shops. After excavation, all of these walls were exposed to rain. 
This has created very important structural problems that could result in collapse (Figure 
55, Figure 56). 
Another reason causing structural deterioration in the building material is 
freezing and thawing of rainwater on the stone members of the building. This results in 
cracks and breaks in building material and surface scaling of the stones. It can be 
observed, especially in the cavea where the sitting platforms of the building are located 
(Figure 57, Figure 58). 
Biological formation on the stone material and binding material can be observed 
both at the excavated parts and the part which have never been buried before. These 
living forms are generally seen on the façades of the building and the columns of the 
cavea (Figure 59, Figure 60, Figure 61, Figure 62). 
White deposition on the stone material of the building which was formed after 
the excavation can be observed both on the sitting platforms and columns of the cavea 
(Figure 63, Figure 64). 
As a consequence, all the structural deteriorations in the building are caused by 
the weathering of stone material due to natural causes. The process of weathering of 
stone material continues today because of the unspecified definition of the problems and 
lack of precautions. In the following sections of this study, visible stone deteriorations 
will be explained; the definition of the structural problems caused by stone 
deteriorations and conservation problems will be identified in detail. 
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Figure 49. Southern Façade of Aigai Bouleuterion 
 
 
 
Figure 50. Tree Growth on Northern Wall of Aigai Bouleuterion 
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Figure 51. Roots of the trees on Northern Wall of Aigai Bouleuterion 
 
 
 
Figure 52. Northern Wall of Aigai Bouleuterion  
(Source: Archive of Aigai Excavation) 
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Figure 53. Northern Wall of Aigai Bouleuterion 
(Source: Archive of Aigai Excavation) 
 
 
Figure 54. The Wall between the Shops and the Orchestra 
 
 70
Figure 55. The Wall between the Shops 
 
 
 
Figure 56. The Walls between and in the Shops 
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Figure 57. The Cavea 
(Source: Archive of Aigai Excavation) 
 
 
Figure 58. Sitting Platform in the Cavea 
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Figure 59. Biological formation on the columns of the cavea 
 
 
 
Figure 60. Biological formation on the column of the cavea 
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Figure 61. Biological formation on the northern wall 
 
 
 
Figure 62. Biological formation occurred after excavation on the northern wall
 
  Excavated part 
Exposed 
part 
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Figure 63. Formation of white deposition on the columns and sitting platforms of the 
cavea 
 
 
Figure 64. Formation of white deposition on the columns and of the cavea 
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CHAPTER 5 
 
 
DOCUMENTATION AND EXPERIMENTAL METHODS 
 
 
In this chapter, the methodology to document the building and the experimental 
process to determine the stone deteriorations are discussed in detail. To make this 
determination, first, the building was documented and general conditions of the building 
were determined by visual observations. Then, chemical, mineralogical and 
microstructural and basic physical properties of the samples collected from the 
excavated sections of the site were investigated in laboratory studies. 
 
5.1. The Site Survey 
 
 
 In the scope of the documentation phase, the case study is limited to the 
bouleuterion building. Measurements were taken to make the detailed plan, sections and 
façade drawings of the building. The methodologies of drawings are traditional 
measurement methods in general done in August 2006, July 2007 and August 2008. The 
levels of the sitting blocks were measured with theodolite in July 2007. Besides 
measured drawings, photographical documentation was made in all phases of the site 
survey. 
In the office stage, the photographs of rubble stones were arranged in 
ArchiFacade programme to draw them in plan and sections. Finally, the scaled drawings 
were made in ArchiCAD programme. 
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5.2. Experimental Methods 
 
 
The aim of the laboratory studies is to determine the chemical, mineralogical 
and microstructural and basic physical properties of the stone samples and the chemical 
and mineralogical properties of soil samples taken from excavated parts of the site. 
 
5.2.1. Sampling 
 
 
Sampling was carried out from the excavated sections of the building without 
detriment to the building and its characteristic building materials. They were all taken 
by hand and from different levels of the building. Soil samples (S) were taken from the 
cavea and the soil section between the orchestra and the shops in order to evaluate the 
soil characteristics through the deeper parts of the earth (Figure 65, Figure 66, Figure 
67, Table 6). Stone samples (St) which were all subjected to deterioration problems 
were collected from the soil section between the orchestra and the shops, from the 
demolished southern cavea section and excavated section of eastern façade (Figure 65, 
Figure 66, Figure 68, Figure 69, Figure 70, Figure 71, Table 6). Each sample (stone or 
soil sample) was labeled by the abbreviations considering their type (Table 6). Soil 
samples were finally relabeled considering their type and stone samples relabeled 
considering their placement from where they were taken from each sample (Table 6). 
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Figure 65. Eastern Façade of Aigai Bouleuterion - Stone and soil samples collected  
from the building 
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Figure 66. Ground Floor Plan of Aigai Bouleuterion - Stone and soil samples collected 
from the building 
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Figure 67. Soil samples collected from the southern cavea and the intersection of 
orchestra and shop spaces 
 
 
 
Figure 68. Three pieces of stone samples collected from the intersection point of space 5 
and orchestra 
BSt1 
BS2 BS1 
BS3 
BS4 
BS5 
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Figure 69. Three pieces of stone samples 
collected from the intersection 
point of the space 5 and 
orchestra 
Figure 70. Stone sample collected from 
upper level of collapsed part 
of southern cavea 
 
 
 
Figure 71. Stone sample collected from the eastern part of eastern façade 
 
BSt1 
BSt2 
BSt3 
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Table 6. Labels and definitions of the samples 
Sample Definition 
Soil Samples Collected from the Bouleuterion 
BS1 Soil sample collected from the upper level of first step in southern cavea 
BS2 Soil sample collected from the lower level of first step in southern cavea 
BS3 Soil sample collected from intersection point of the wall between the space 5 and 
7 within orchestra 
BS4 Soil sample collected from mid-level of the intersection point of the wall between 
the space 5 and 7 within orchestra 
BS5 Soil sample collected from lower level of the intersection point of the wall 
between the space 5 and 7 within orchestra 
BSx_Cl Clay fractions of the soil samples: BS1_Cl, BS2_Cl, BS3_Cl, BS4_Cl, BS5_Cl 
Stone Samples Collected from the Bouleuterion 
BSt1 Three pieces of stone samples collected from the intersection point of the space 5 
and orchestra 
• BSt1-1 
 
One of the pieces of BSt1 being the largest size 
• BSt1-2 
 
One of the pieces of BSt1 being the middle size 
• BSt1-3 
 
One of the pieces of BSt1 being the smallest size 
BSt2 
 
Stone sample collected from upper level of collapsed part of southern cavea 
BSt3 Stone sample collected from the eastern part of eastern façade having a level of 
80 cm underground 
BStx_Cl Clay fractions of the stone samples: BSt1_Cl, BSt2_Cl, etc… 
I: Interior surface of the sample                    Cr: Inner crack surface of the sample 
E: Exterior surface of the sample                    D: Deteriorated part of the sample 
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5.2.2. Experimental Studies 
 
 
Series of laboratory tests were applied to each of the samples collected from the 
site to determine; 
For stones; 
• Basic Physical Properties of Stones 
o Bulk Density 
o Porosity 
• Percent salt content of stone samples. 
• pH and conductivity analyses to define the salt content in stone samples. 
• Organic material and carbonate content in stone samples. 
• XRD, FT-IR and SEM-EDX analyzes for mineralogical and chemical 
compositions and microstructural properties of stones. 
• TGA analyzes for determination of weight loss by thermogravimetric 
analysis of stones. 
For soils; 
• Determination of particle size distribution of soils. 
• Percent salt content of soil samples. 
• pH and conductivity analyses to define the salt content in soil samples. 
• Organic material and carbonate content in soil samples. 
• XRD, FT-IR, and SEM-EDX analyzes for mineralogical and chemical 
compositions of soils. 
• TGA analyzes for determination of weight loss by thermogravimetric 
analysis of soils. 
 
5.3. Determination of Basic Physical Properties of Andesite 
 
 
The RILEM standard test methods were used on the andesite samples for the 
determination of values of bulk density (g/cm3), which is the ratio of the mass to its bulk 
volume, and porosity (%), which is the ratio of the pore volume to the bulk volume of 
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the sample (RILEM 1980). Stone samples were first dried in an oven at 40˚C for 24 
hours, and their dry weights (Mdry) were determined by a precision balance (AND HF-
3000G). Then, the samples were saturated with distilled water in a vacuum oven (Lab-
Line 3608-6CE Vacuum Oven) and then were weighed by a precision balance using 
hydrostatic weighing method in distilled water to determine their saturated weights 
(Msat) and archimedes weights (March). The bulk densities (D) and porosities (P) of the 
samples were determined using the formulas below: 
D (g/cm3) = Mdry / (Msat - March) 
P (%) = [(Msat - Mdry) / (Msat - March)] x 100 
where; 
Mdry : Dry Weight (g) 
Msat : Saturated Weight (g) 
March : Archimedes Weight (g) 
Msat – Mdry : Pore Volume 
Msat – March : Bulk Volume 
The thin sections of the samples from their exterior surfaces to the iner cores 
were prepared to calculate the cracks in the stone structure and porosity chance throug 
the interior part of the stone. 
 
5.4. Determination of Soluble Salt Contents in Soil and Stone Samples 
 
 
Soluble salts in soil and stone samples were determined in order to evaluate their 
possible weathering problems. Percent soluble salts in soil samples were determined by 
an electrical conductivity meter (Black 1965). For this analysis, 1.00 g of finely-ground 
soil samples and a powdered stone sample of less than 53 μm from deteriorated parts of 
the stone were mixed with 50 ml distilled water. After stirring, the mixtures were 
filtered. Conductivity of the filtered solution was measured by the electrical 
conductivity meter (WTW MultiLine P3 pH/LF). Percentage of soluble salts within the 
sample was calculated using the following formula: 
Soluble Salts (%) = [(A x Vsol) / 1000] x [100 / Msam] 
where; 
A      = Salt concentration (mg/lt) = 640 x EC 
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EC    = Electrical conductivity measured by electrical conductivity meter 
(mS/cm = mmho/cm) 
640    = Constant 
Vsol   = Volume of the solution (ml) 
Msam = Weight of the sample (mg) 
After the calculation of the percentage of soluble salts in the soil samples, anion 
parts of the soluble salts were determined by spot test (Black 1965, Arnold 1983, 
Teutonico 1988). Principle anions such as sulphate (SO4-2), chloride (Cl-), nitrate (NO3-
), carbonate (CO3-2) and phosphate (PO4-3) in the solutions were determined. 
 
5.5. Determination of Organic Material and Carbonate Content in Soil 
and Stone Samples 
 
 
The organic material proportions, which are the possible weathering reasons 
(Press and Siever 2002), and carbonate contents of the soil and stone samples were 
determined by heating the samples in a furnace. In this analysis, one gram fine ground 
sample was heated in the crucible at 103ºC for 1 day, at 550ºC for 1 hour and at 900ºC 
for 1 hour. Weight losses at these temperatures were then precisely measured. Weight 
loss at 103ºC is due to the loss of hygroscopic (adsorbed) water. Weight loss at 103 to 
550ºC is mainly due to the loss of organic materials and dehydroxilation of some types 
of clays. Weight loss at temperatures between 550-900ºC is due to the decomposition of 
CO2 evolved from the decomposition of the carbonates present in soil (Tylecote 1979). 
 
5.6. Determination of Particle Size Distribution of Soil Samples 
 
 
The determination of particle size distributions of the soil samples were carried 
out by sieve analysis. First, the soil samples dried at 103ºC were sieved through a series 
of sieves (Retsch mark) having sizes of 125μm, 250μm, 500μm, 1180μm by using an 
analytical sieve shaker (Retsch AS200). At the end, each of the particles retained on 
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each sieve was weighed respectively and each of their percentages and cumulative 
percentages were calculated. 
 In order to determine shapes and colours, particles which were separated with 
particle sizes of >1180μm, 1180-500μm, 500-250μm, 250-125μm, < 125μm soil 
samples were examined visually by a zoom stereo microscope (Olympus SZ40) 
equipped with video camera, photo micrographic system and computer. 
 
5.7. Separation of Clay Fraction from Soil Samples 
 
 
To find out the effects of clay minerals in the weathering process of the building 
stones, the characteristics of clay minerals had to be known. For this reason, the clays 
were separated from soil samples. In this process, “Filtration Method” was used for 
providing uniform specimens (Iijima, et al. 2005). Thirty grams of each soil sample was 
soaked in 50 ml of distillated water and stirred for approximately 10 minutes. Then, the 
mixtures were sieved through a series of sieves (Retsch mark) having the sieve sizes of 
53 μm, 125 μm, 250 μm, 500 μm, 1180 μm by using an analytical sieve shaker (Retsch 
AS200). This process of sieving was carried out until distillated water was obtained 
after sieving. For every soil sample, the mixtures which are less than 53 μm were 
filtered and left for more than 20 days for the precipitation of clay fraction and for the 
evaporation of the water. After the evaporation of water, clay fractions in soil samples 
were obtained. 
 
5.8. Determination of Minerological and Chemical Compositions and 
Microstructural Properties of Stone Samples 
 
 
To understand the mineralogical and chemical differences of the stone samples, 
soils and clay fractions, the mineralogical and chemical compositions of the stones were 
determined. The microstructural properties of the samples were determined in order to 
understand the weathering zones. 
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Mineralogical compositions of stone samples were determined by X-ray 
Diffraction (XRD) analysis performed by using a Philips X-Pert Pro X-ray 
Diffractometer. The analyses were performed on powdered stone samples of less than 
53 μm and the clay fractions of the stone samples. 
Chemical compositions and microstructural properties of stone samples were 
determined by Philips XL 30S-FEG Scanning Electron Microscope (SEM) equipped 
with X-Ray Energy Dispersive System (EDS). For this analysis; stone samples were 
first covered with epoxy resin and cut into thin sections and finally coated with gold. 
Together with the coated samples, coarse stone samples were also used. SEM-EDS 
analyses were carried out in three different zones which were 2.4675 sqmm (1.75 mm x 
1.41 mm) in surface area of each sample. Stone samples were analyzed through exterior 
parts to interior parts in order to find out the changes in the width of the cracks. 
Transmission and reflection FTIR techniques were used to determine the 
different types of clay minerals of the interior part of the stone sample. Sample was 
mixed with KBr in the proportion of 1 sample/100 KBr and pressed into pellets under 
approximately 10 tons/cm2 pressure. The spectral measurements were carried out on a 
PerkinElmer-FT-IR System Spectrum BX spectrometer. Four scans were recorded for 
the sample. 
 
5.9. Determination of Minerological and Chemical Compositions of 
Soil Samples 
 
 
 For better understanding of the mineralogical and chemical differences of the 
soil samples and their clay fractions, the mineralogical and chemical compositions of 
the soils and clay fractions were determined. 
Mineralogical compositions of soil samples and the clay fractions of soil 
samples were determined by X-ray Diffraction (XRD) analysis performed by using a 
Philips X-Pert Pro X-ray Diffractometer. The analyses were performed on powdered 
soil samples of less than 53 μm. 
Chemical compositions and microstructural properties of stone and clay 
fractions of soil samples were determined by Philips XL 30S-FEG Scanning Electron 
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Microscope (SEM) equipped with X-Ray Energy Dispersive System (EDS). Clay 
fractions of the soil samples were used to determine the chemical compositions and 
microstructural properties of clay fractions. They were also pressed into pellets under 
approximately 10 tons/cm2 pressure and then analyzed with the same analysis. 
Transmission and reflection FTIR techniques were used to determine the 
different types of clay minerals of the clay fractions of soil samples. Samples were 
mixed with KBr in the proportion of 1 sample/100 KBr and pressed into pellets under 
approximately 10 tons/cm2 pressure. The spectral measurements were carried out on a 
PerkinElmer-FT-IR System Spectrum BX spectrometer. Four scans were recorded for 
each sample. 
 
5.10. Thermal Analysis of Stone and Soil Samples 
 
 
 To determine the weight loss of stone and soil samples, clay fractions of soil 
samples, stone samples and clay fractions taken from the surface of the stone samples 
were analyzed by thermogravimetric analysis (TG/DTA) by using Pelkin Elmer 
Diomand TG/DTA, in order to determine weight loss by heating. The 
thermogravimetric analysis was carried out in static nitrogen atmosphere at a 
temperature range of 25-1000°C with a controlled heating rate of 10°C/min. During this 
heating, TGA instrument recorded loss of hygroscopic (adsorbed) water (< 103°C), loss 
of structural water bounded to hydraulic components and loss of organic materials and 
clay fractions (103°C – 550°C), and loss of carbon dioxide gas due to decomposition of 
carbonates (> 900°C) (Wang, et al. 2000). 
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CHAPTER 6 
 
 
RESULTS AND DISCUSSION 
 
 
 Results of the experimental study, which were carried out on stone and soil 
samples, are given and discussed in this chapter. Densities and porosities of stones, 
particle size distributions of soils, their mineralogical and chemical compositions, 
microstructural properties, organic material, carbonate and soluble salts contents are 
described and discussed. 
 
6.1. Basic Physical Properties of Andesite 
 
 
 The average density and porosity values of the andesites were determined with 
the three stone samples taken from the Aigai Bouleuterion to find out the physical 
changes through their interior and to compare the results with the sound andesites. 
Density values of the stones were found as 2.4, 2.4 and 1.9 g/cm3. Porosity 
values were found as 9.3, 8.4 and 23.3 % by volume respectively for the same stone 
samples. The average porosity value of the sound andesite ranges between 3 % and 6 % 
(Howe 2001) as mentioned before. The porosity values of the samples show that the 
stones are not sound and their porosity values increased due to their weathering. BSt3, 
having the highest porosity values, physically weathered more than the other stones. 
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6.2. Soluble Salt Contents in Soil and Stone Samples 
 
 
 To determine the soluble salt content and pH values of the environment, all the 
soil samples and the exterior surface of the stone samples were analyzed. According to 
the results, less than 1 % of soluble salt content were found in the soil and the exterior 
surface of the stone sample (Figure 72). Although the soluble salt content is low, it can 
be one of the reasons for the formation of white deposition observed on the stone 
surfaces which were mentioned before (Schaffer 1932). However, further investigations 
have to be made with the samples taken from the area where white deposition was 
formed, for better understanding of the reasons of the formations. 
The results of the pH analysis of the soil samples show that the pH values of the 
samples range between 7.1 and 7.4 and the same value for the exterior surface of the 
stone is 7.4 (Figure 72). 
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Figure 72. Soluble salt contents and pH values of the samples 
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6.3. Organic Material and Carbonate Contents in Soil Samples 
 
 
The analysis for the average values of the organic material proportions and 
carbonate content of the soil samples shows that the proportion of organic material 
content range between 2.8 % and 9.8 % and the proportion of carbonate content range 
between 0.7 % and 1 % (Figure 73). 
Close amounts of carbonate contents were found in soil samples (Figure 73, 
Table 7). BS2 and BS3, which have close amounts of organic material content, have 
more organic material than the other soil samples (Figure 73, Table 7). The average 
organic material values decrease through to lower parts of the soil section. 
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Figure 73. Organic material and CO2 contents of the soil samples 
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6.4. Particle Size Distribution of Soil Samples 
 
 
 Particle size distribution is one of the most important factors affecting the 
weathering for the permeation of water and air into the soil and finally to the building 
material buried in the soil (Nord, et al. 2005). Thus determination of particle size 
distribution of soil samples is very important to understand the physical and mechanical 
behavior of the soil (Pansu and Gautheyrou 2006). 
The particles with sizes greater than 1180μm range between 25 % and 48 % in 
soil samples and composed the largest fraction of the total particles (Figure 74). 
Particles with sizes smaller than 125μm are composed of the smallest fraction of the 
total particles and range between 1.4 % and 19 % in soil samples. For the soil section 
where soil samples were collected, the proportion of grain particle sizes gets smaller 
from top to deep except the deepest layer where BS5 was collected. Total values for the 
particle size distribution of the soil section shows that the soil section where Aigai 
Bouleuterion was buried is dominated by the particles bigger than 1180μm. According 
to the classification of Pansu and Gautheyrou 2006 (Referencing Atterberg 1912) for 
the soil particle size distribution, the soil section where Aigai Bouleuterion was buried 
is dominated by coarse sand fractions. 
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Figure 74. Particle size distribution of aggregates of the soil samples 
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Stereo microscopic observations revealed that particles in soil samples were 
different shapes such as angular, subangular, rounded and flat (Figure 75, Figure 76, 
Figure 77). They also have different colored particles but one of them differs from the 
others in terms of color. Organic material content (black colored particles) of BS2 can 
be observed very clearly (Figure 75). The visual observation of this sample supports the 
results of the organic material content. The proportion of organic material in this layer is 
also more than the other layers visually and the same layer contains more fine particles 
mentioned above. When the soil–stone interface is thought, it can be clearly determined 
that the layer where BS2 was collected is the organic intersection zone of the interface. 
To sum up, the soil sample BS2 has the finest and the sample BS5 has the 
biggest particles (Table 7). The soil section is dominated by the particles bigger than 
1180µm with 37.5 % and thus composed of coarse sand (Pansu and Gautheyrou 2006). 
12.5 % of the soil section is composed of particles less than 125µm. All the soil samples 
have low amount of organic material and carbonate content (Table 7). 
 
 
Table 7. Particle size distributions, organic material and CO2 contents 
of the soil samples 
 
Soil 
Sample 
<125µm 
 
(%) 
125µm -
250µm 
(%) 
250µm -
500µm 
(%) 
500µm -
1180µm 
(%) 
>1180µm 
 
(%) 
Organic 
Mat. 
(%) 
CO2 
 
(%) 
Soil sample collected from the surface of the soil section. BS1 
12.5 17.2 13.7 11.5 45.2 5.2 0.8 
Soil sample collected from the lower level of BS1. BS2 
19.6 25.0 16.9 13.0 25.5 9.8 0.9 
Soil sample collected from the lower level of BS2. BS3 
15.2 24.9 18.1 16.8 25.0 9.3 0.8 
Soil sample collected from the lower level of BS3. BS4 
14.0 17.0 13.9 13.4 41.8 3.1 0.7 
Soil sample collected from the deepest level of the soil section. BS5 
1.4 14.9 15.9 19.0 48.8 2.8 1.0 
Total 12.5 19.7 15.6 14.7 37.5   
 Red numbers for the biggest values and pink numbers for the lowest ones 
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Figure 75. Stereo Microscope images of aggregates of the soil 
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Figure 76. Stereo Microscope images of aggregates of the soil 
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Figure 77. Stereo Microscope images of aggregates of the soil samples 
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6.5. Minerological and Chemical Compositions of Soil Samples 
 
 
Mineralogical and chemical properties of the soil and clay fractions of the 
samples have been determined by XRD analysis to determine the mineralogical and 
chemical differences between the soils and the clay fractions and SEM–EDS analysis to 
determine the chemical composition of the clay fractions of the soil samples. 
The mineralogical differences between the soil samples and the clay fractions of 
the soil samples could not determined with XRD analysis. Because, the clay fractions of 
the soil samples could not separated successfully from the soils and the X-ray technique 
shows hardly identification of the characteristics of the clays (Gadsden 1975). The 
mineralogical differences of the samples were found with Fourier transformed infrared 
(FT-IR) spectroscopic analysis which will be mentioned in the following parts. 
According to the mineralogical analysis, soils samples are composed of the 
minerals of microline, orthoclase and sanidine as potassium feldspars, albite as sodium 
feldspar, andesine, labradorite and anorthite as plagioclase feldspars, muscovite as mica, 
cristoballite, tridymite and quartz as quartz minerals, kyanite as clay-like and mullite as 
post-clay based aluminum silica minerals, orthoferrosilite as magnesium silica mineral 
and halloysite and illite as the aluminum-rich clay minerals (Figure 78, Figure 79, 
Figure 80, Figure 81, Figure 82). 
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Figure 78. XRD pattern of BS1 
 
 
 
A: Andesine (79-1148), Al: Albite high (83-1608), An: Anorthite (70-0287), C: Cristobalite (82-1403), H: Halloysite 
(03-0184), I: Illite (15-0603), K: Kyanite (72-1441), L: Labradorite (83-1368), Mi: Microline (76-1238), Mu: Mullite 
(02-1160), Oc: Orthoclase (75-1190), Of: Ortheferrosilite (83-0668), Q: Quartz (83-2468), S: Sanidine (19-1227), T: 
Tridymite (42-1401) 
 
Figure 79. XRD pattern of BS2 
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Figure 80. XRD pattern of BS3 
 
 
 
A: Andesine (79-1148), Al: Albite high (83-1608), An: Anorthite (70-0287), C: Cristobalite (82-1403), H: Halloysite 
(03-0184), I: Illite (15-0603), K: Kyanite (72-1441), L: Labradorite (83-1368), Mi: Microline (76-1238), Mu: Mullite 
(02-1160), Oc: Orthoclase (75-1190), Of: Ortheferrosilite (83-0668), Q: Quartz (83-2468), S: Sanidine (19-1227), T: 
Tridymite (42-1401) 
 
Figure 81. XRD pattern of BS4 
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A: Andesine (79-1148), Al: Albite high (83-1608), An: Anorthite (70-0287), C: Cristobalite (82-1403), H: Halloysite 
(03-0184), I: Illite (15-0603), K: Kyanite (72-1441), L: Labradorite (83-1368), Mi: Microline (76-1238), Mu: Mullite 
(02-1160), Oc: Orthoclase (75-1190), Of: Ortheferrosilite (83-0668), Q: Quartz (83-2468), S: Sanidine (19-1227), T: 
Tridymite (42-1401) 
 
Figure 82. XRD pattern of BS5 
 
 
The clay types found in the soil samples are aluminum-rich clay minerals of 
halloysite as a swelling clay mineral and illite as a non-swelling clay mineral (Avrami, 
et al. 2008) (Figure 83, Figure 84, Figure 85, Figure 86, Figure 87). 
The existence of clay minerals and moisture in soil structure causes the 
formation of biological formation such as lichens, algae and vegetation which cause 
both physical and chemical weathering of buried and exposed stone as mentioned 
before (Press and Siever 2002, Velde and Meunier 2008). 
Plant growth on the walls of the Aigai Bouleuterion causing structural 
deterioration of the building was mentioned before. Besides causing collapses of the 
walls (Figure 54, Figure 55, Figure 56), the penetration of hyphae of biological forms 
through the voids in the stone causes mechanical force as a physical weathering which 
also promotes chemical weathering in creating new places for clays and thus water 
(Chen, et al. 1999). 
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Figure 83. XRD pattern of clay fraction of BS1 
 
 
 
A: Andesine (79-1148), Al: Albite high (83-1608), An: Anorthite (70-0287), C: Cristobalite (82-1403), H: Halloysite (03-
0184), I: Illite (15-0603), K: Kyanite (72-1441), L: Labradorite (83-1368), M: Muscovite (76-0668), Mi: Microline (76-
1238), Oc: Orthoclase (75-1190), Of: Ortheferrosilite (83-0668), Quartz (83-2468), S: Sanidine (19-1227), T: Tridymite 
(42-1401) 
 
Figure 84. XRD pattern of clay fraction of BS2 
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Figure 85. XRD pattern of clay fraction of BS3 
 
 
 
A: Andesine (79-1148), Al: Albite high (83-1608), An: Anorthite (70-0287), C: Cristobalite (82-1403), H: Halloysite 
(03-0184), I: Illite (15-0603), K: Kyanite (72-1441), L: Labradorite (83-1368), M: Muscovite (76-0668), Mi: 
Microline (76-1238), Oc: Orthoclase (75-1190), Of: Ortheferrosilite (83-0668), Q: Quartz (83-2468), S: Sanidine (19-
1227),, T: Tridymite (42-1401) 
 
Figure 86. XRD pattern of clay fraction of BS4 
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A: Andesine (79-1148), Al: Albite high (83-1608), An: Anorthite (70-0287), C: Cristobalite (82-1403), H: Halloysite 
(03-0184), I: Illite (15-0603), K: Kyanite (72-1441), L: Labradorite (83-1368), M: Muscovite (76-0668), Mi: 
Microline (76-1238), Mu: Mullite (02-1160), Oc: Orthoclase (75-1190), Of: Ortheferrosilite (83-0668), Q: Quartz 
(83-2468), S: Sanidine (19-1227) 
 
Figure 87. XRD pattern of clay fraction of BS5 
 
 
 In the elemental analyses of the all clay fractions of the soil samples by EDS, the 
major elements in the fractions were found as silicon dioxide (SiO2), aluminum oxide 
(Al2O3), iron oxide (Fe2O3), calcium oxide (CaO), sodium oxide (Na2O), potassium 
oxide (K2O) and magnesium oxide (MgO). Ranging between 48 % and 53 %, silicon 
dioxide (SiO2) is the most common element in the clay fractions. After silicon dioxide 
(SiO2), aluminum oxide (Al2O3), iron oxide (Fe2O3), calcium oxide (CaO), sodium 
oxide (Na2O), potassium oxide (K2O) and magnesium oxide (MgO) comes respectively 
(Figure 88). Small amounts of phosphorus pentoxide (P2O5) were found in the clay 
fractions of the two soil samples BS4 and BS5 of the lowest level of the soil section 
(Figure 88). Higher amounts of aluminum oxide (Al2O3) contents of clay fractions were 
most likely to the presence of aluminum-rich clay minerals such as halloysite and illite 
as found in XRD analysis. 
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Figure 88. Elements observed in clay fractions of soil 
 
 
The clay fractions of the soil samples were studied by Fourier transformed 
infrared (FT-IR) spectroscopic analysis to determine the mineralogical properties and 
chemical differences of the clay samples because of its having all shown the usefulness 
in the characteristics of the constituent that would hardly be identified by X-ray 
technique (Gadsden 1975). In the determination of clay minerals, the absorption bands 
due to structural OH and Si–O groups play an important role in the differentiation of 
clay minerals from each other (Majedova 2002). Infrared spectra were recorded in the 
4000-400 cm-1 with KBR pellets of the samples and observed bands have been 
tentatively assigned. 
FT-IR is very sensitive to the presence of silica minerals and the Si-O stretch has 
a strong IR absorbance around 1035 cm-1 and 460 cm-1 showing the presence of albite, 
anorthite, biotite, cristobalite ,halloysite, illite, kyanite, kaolinite, labradorite, microline, 
mullite and quartz (Figure 89 a-b, Figure 90 a-b, Figure 91 a-b, Figure 92 a-b, Figure 93 
a-b) (Gadsden 1975, McGuire 2002).  
The absorption bands due to structural OH bands are important in the 
determination of clay minerals (Gadsden 1975). OH stretching absorption bands found 
between 2927 cm-1 and 3428 cm-1 show the presence of clay minerals, halloysite, illite, 
kaolinite, montmorrillonite and saponite in the IR spectrums of the samples (Figure 89 
a-b B, Figure 90 a-b, Figure 91 a-b, Figure 92 a-b, Figure 93 a-b) (Gadsden 1975). 
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a) Clay minerals: H: Halloysite, I: Illite, Ka: Kaolinite, Sa: Saponite 
 
Wavenumber  
(cm-1) 
Minerals observed in BS1_cl 
 
3699 Halloysite, Kaolinite and Saponite 
3622 Halloysite, Illite and Kaolinite 
3420 Halloysite 
2927 Halloysite 
1659 Cordierite  
1647 Cordierite 
1032 Albite, Anorthite, Biotite, Kyanite, Microline,  
Mullite and Tridymite 
797 Albite, Cristobalite, and Quartz 
696 Cristobalite and Quartz 
535 Labradorite and Quartz 
468 Albite, Labradorite and Quartz 
430 Anorthite and Microline 
 
b) 
Figure 89. FT-IR absorbance spectrum graph a) and wavenumbers and minerals
observed b) in BS1_cl 
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a) Clay minerals: H: Halloysite, I: Illite, Ka: Kaolinite, Sa: Saponite 
 
Wavenumber  
(cm-1) 
Minerals observed in BS2_cl 
3700 Halloysite, Kaolinite and Saponite 
3624 Halloysite, Illite and Kaolinite 
3419 Halloysite 
2929 Halloysite 
1651 Cordierite 
1417 Cristobalite 
1031 Albite, Anorthite, Biotite, Kyanite, Microline,  
Mullite and Tridymite 
796 Albite, Cristobalite and Quartz 
696 Cristobalite and Quartz 
668 Kyanite 
536 Labradorite and Quartz 
469 Albite, Labradorite and Quartz 
 
b) 
Figure 90. FT-IR absorbance spectrum graph a) and wavenumbers and minerals
observed b) in BS2_cl 
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a) Clay minerals: H: Halloysite, I: Illite, Ka: Kaolinite, Sa: Saponite 
 
Wavenumber  
(cm-1) 
Minerals observed in BS3_cl 
3700 Halloysite, Kaolinite and Saponite 
3622 Halloysite, Illite and Kaolinite 
3420 Halloysite 
2929 Halloysite 
1653 Cordierite 
1034 Albite, Anorthite, Biotite, Kyanite, Microline,  
Mullite and Tridymite 
911 Kaolinite, Illite 
797 Albite, Cristobalite and Quartz 
694 Cristobalite and Quartz 
668 Kyanite 
535 Labradorite and Quartz 
468 Albite, Labradorite and Quartz 
 
b) 
Figure 91. FT-IR absorbance spectrum graph a) and wavenumbers and minerals
observed b) in BS3_cl 
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a) Clay minerals: H: Halloysite, I: Illite, Ka: Kaolinite, Sa: Saponite 
 
Wavenumber  
(cm-1) 
Minerals observed in BS4_cl 
 
3699 Halloysite, Kaolinite and Saponite 
3627 Halloysite, Illite and Kaolinite 
3445 Biotite 
1635 Mullite 
1033 Albite, Anorthite, Biotite, Kyanite, Microline,  
Mullite and Tridymite 
793 Albite, Cristobalite and Quartz 
696 Cristobalite and Quartz 
581 Biotite, Cordierite and Orthoclase 
472 Albite and Mullite 
432 Anorthite and Microline 
 
b) 
Figure 92. FT-IR absorbance spectrum graph a) and wavenumbers and minerals 
observed b) in BS4_cl 
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a) Clay minerals: H: Halloysite, I: Illite, Ka: Kaolinite, Mo: Montmorrillonite, 
Sa: Saponite 
 
Wavenumber  
(cm-1) 
Minerals observed in BS5_cl 
3700 Halloysite, Kaolinite and Saponite 
3626 Halloysite, Illite and Kaolinite 
3432 Montmorrillonite 
1635 Mullite 
1035 Albite, Anorthite, Biotite, Illite, Kyanite, Kaolinite 
Microline, Mullite and Tridymite 
912 Kaolinite and Illite 
796 Albite, Cristobalite, Illite, Kaolinite and Quartz 
696 Cristobalite, Halloysite and Quartz 
535 Labradorite and Quartz 
469 Albite, Labradorite and Quartz 
431 Anorthite, Halloysite and Microline 
 
b) 
 
Figure 93. FT-IR absorbance spectrum graph a) and wavenumbers and minerals 
observed b) in BS5_cl  
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As found in XRD analysis, halloysite and illite were observed in the clay 
fractions of the soil samples by FT-IR analysis. Together with these two clay minerals, 
aluminum-rich clay mineral of kaolinite and montmorrillonite which is often occurs 
intermixed with illite and kaolinite and iron-rich clay mineral of saponite were found in 
FT-IR analysis. Like halloysite, kaolinite, montmorrillonite and saponite are the 
swelling clay minerals in soil samples. Thus, halloysite, kaolinite, montmorrillonite and 
saponite promote the physical weathering of stone with their swelling action and 
reaction of stone with the water with their water holding capacity in soil structure and so 
in the soil–stone interface. 
The presence of the clay minerals with moisture of the environment cause 
biological formation which has both physical and chemical effects on stone structure as 
mentioned before (Bohn, et al. 1979, Press and Siever 2002). As a result of the FT-IR 
analysis of the clay fractions of the soil samples, the clay minerals promoting the 
biological formation which was mentioned before are found as halloysite, illite, 
kaolinite, montmorrillonite and saponite.  
 
 
6.6. Weight Losses of Soil Samples 
 
 
The weight losses of the clay fractions of the soil samples were analyzed by 
thermogravimetric analysis (TGA) to determine their compositions of absorbed water, 
organic material and carbonate content for better understanding of possible weathering 
reasons. 
The broad weight loss from 25 °C to 550 °C corresponds to the removal of 
physically absorbed and chemically bonded water, the burning of any organic 
components and decomposition of clay minerals present in clay fractions of soil 
samples. Final stage observed in the temperature range of 550-1000 °C for the 
decomposition of carbonate. 
The TGA curves for the clay fractions of soil samples collected from different 
levels show similar weight losses on the whole except the values obtained for BS4_cl. 
The weight losses of the first and second period samples within a temperature range 
from 25°C to 550°C are 18.9, 17.6, 17.4 and 15.3 % respectively for BS1_cl, BS2_cl, 
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BS3_cl and BS5_cl (Figure 94, Figure 95, Figure 96, Figure 97). The same value for 
BS4_cl is 31.1 % showing the higher presence of water, organic material and clay 
minerals (Figure 97). The final stage of weight loss associated with decomposition of 
carbonate appears in the temperature range above 550°C. The weight losses occurred 
above 550 °C of the samples BS1_cl, BS3_cl and BS4_cl were observed 1.6, 1.8 and 
1.0 % respectively (Figure 94, Figure 96, Figure 97). The weight losses for the same 
temperature intervals were 4.6 % for BS2_cl and 3.9 % for BS5_cl (Figure 95, Figure 
98). 
Less amounts of organic material and clay content was found in organic material 
analysis of the soil samples. However, in thermogravimetric analysis (TGA), organic 
material and clay content of BS4_cl was found 31.1 % which is higher than the value 
found with the organic material analysis. 
 
 
Figure 94. TGA graph of BS1_cl 
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Figure 95. TGA graph of BS2_cl 
 
 
Figure 96. TGA graph of BS3_cl 
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Figure 97. TGA graph of BS4_cl 
 
 
Figure 98. TGA graph of BS5_cl 
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6.7. Minerological and Chemical Compositions of Stone Samples 
 
 
Mineralogical and chemical properties of the stone and clay fractions of the 
samples were determined by XRD and SEM–EDS analysis to determine the 
mineralogical and chemical differences of the samples and the clay fractions. The 
mineralogical differences between the stones and the clay fractions could not 
determined because it is hard to identify the characteristics of the clay minerals with 
XRD analysis (Gadsden 1975). Beside XRD analysis, stone samples were studied by 
Fourier transformed infrared (FT-IR) spectroscopic analysis, which is more useful in the 
identification of the clay minerals, to determine the mineralogical differences of stone 
samples and clay fractions of the samples. The results of the FT-IR analysis will be 
mentioned in the following parts. 
According to the mineralogical analysis found with the XRD analysis, stones 
samples are dominated by the minerals of microline, orthoclase and sanidine as 
potassium feldspars, albite as sodium feldspar, andesine, labradorite and anorthite as 
plagioclase feldspars, muscovite as mica, cristoballite, tridymite and quartz as quartz 
minerals, kyanite and mullite as aluminum silica mineral and orthoferrosilite as 
magnesium silica mineral (Figure 99, Figure 100, Figure 101, Figure 102, Figure 103, 
Figure 104). 
 As a result in XRD analysis, aluminum-rich clay minerals of halloysite and illite 
were both found in the clay fractions, exterior surfaces and middle parts of the stones. 
Illite was also observed in the inner part of the stone. 
 The presence of the clay minerals in the stone structure is a promoting factor for 
biodegradation of stone which has both physical and chemical effects as mentioned 
before (Press and Siever 2002). As a physical weathering, the clay minerals in the stone 
structures also promote the formation of cracks due to their swelling action (Velde and 
Meunier 2008). 
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Figure 99. XRD pattern of the exterior surface of BSt1 
 
 
 
A: Andesine (79-1148), Al: Albite high (83-1608), An: Anorthite (70-0287), C: Cristobalite (82-1403), H: Halloysite 
(03-0184), I: Illite (15-0603), K: Kyanite (72-1441), L: Labradorite (83-1368), M: Muscovite (76-0668), Mi: 
Microline (76-1238), Mu: Mullite (02-1160), Oc: Orthoclase (75-1190), Of: Ortheferrosilite (83-0668), Q: Quartz 
(83-2468), S: Sanidine (19-1227), T: Tridymite (42-1401) 
 
Figure 100. XRD pattern of the middle part of BSt1 
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Figure 101. XRD pattern of the inner core of BSt1 
 
 
 
A: Andesine (79-1148), Al: Albite high (83-1608), An: Anorthite (70-0287), C: Cristobalite (82-1403), H: Halloysite 
(03-0184), I: Illite (15-0603), K: Kyanite (72-1441), L: Labradorite (83-1368), M: Muscovite (76-0668), Mi: 
Microline (76-1238), Mu: Mullite (02-1160), Oc: Orthoclase (75-1190), Of: Ortheferrosilite (83-0668), Q: Quartz 
(83-2468), S: Sanidine (19-1227), T: Tridymite (42-1401) 
 
Figure 102. XRD pattern of BSt3 
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Figure 103. XRD pattern of the clay fraction of BSt1_Cl 
 
 
 
A: Andesine (79-1148), Al: Albite high (83-1608), An: Anorthite (70-0287), C: Cristobalite (82-1403), H: Halloysite 
(03-0184), I: Illite (15-0603), K: Kyanite (72-1441), L: Labradorite (83-1368), M: Muscovite (76-0668), Mi: 
Microline (76-1238), Oc: Orthoclase (75-1190), Of: Ortheferrosilite (83-0668), Q: Quartz (83-2468), S: Sanidine (19-
1227) 
 
Figure 104. XRD pattern of the clay fraction of BSt2_Cl 
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Considering the results of EDS analysis carried out in 2.4675sqmm (1. 75 mm x 
1. 41 mm) surface area, the major elements in stone samples are silica or silicon dioxide 
(SiO2), alumina or aluminum oxide (Al2O3), iron oxide (Fe2O3), sodium oxide (Na2O), 
potassium oxide (K2O), magnesia or magnesium oxide (MgO), calcium oxide (CaO), 
and sulphur trioxide (SO3) (Figure 105). EDS analysis of the core and the surface of the 
stones indicated high amounts of silicon dioxide ranging between 58 % and 59.5 % 
(Figure 106, Figure 107). The same value is 53.9 % for the stone samples BSt2 and 
BSt3 which were analyzed as a whole. 
Higher SiO2 content of stone samples is because of the presence of the silica 
minerals in the andesites (Howe 2001, Velde and Meunier 2008). Among them, 
hallysite and illite were observed in the XRD analysis. Kaolinite was only observed in 
the FT-IR analysis of the clay fractions which would hardly be identified by X-ray 
technique (Gadsden 1975). 
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Figure 105. Elemental composition of stone samples 
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a) 2.4675 sqmm (1.75 mm x 1.41 mm) surface 
 
b) Elements % 
 Na2O 3.50 
 Al2O3 18.7 
 SiO2 58. 0 
 SO3 0.70 
 CaO 3.00 
 K2O 3.70 
 MgO 2.00 
 Fe2O3 10.70 
 Total 100.00 
Figure 106. SE image a) and chemical composition b) of the inner 
core surface, BSt1-3 
 
 
 
a) 2.4675 sqmm (1.75 mm x 1.41 mm) surface 
b) Elements % 
 Na2O 3.00 
 Al2O3 18.1 
 SiO2 59. 5 
 SO3 0.70 
 CaO 3.00 
 K2O 4.40 
 MgO 2.00 
 Fe2O3 9.30 
 Total 100.00  
Figure 107. SE image a) and chemical composition b) of the  
exterior surface, BSt1-3 
 
 
The inner part of the stone sample was studied by Fourier transformed infrared 
(FT-IR) spectroscopic analysis to determine the clay minerals penetrated to the stone 
structure. Infrared spectra were recorded in the 4000-400 cm-1 with KBR pellets of the 
samples and observed bands have been tentatively assigned. 
The absorption bands due to structural OH bands are important in the determination of 
clay minerals as mentioned before. OH stretching absorption bands found between 3428 
cm-1 and 3699 cm-1 show the presence of clay minerals of halloysite illite, kaolinite, 
montmorrillonite and saponite in the stone structure (b) 
 
Figure 108 a-b). 
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a) Clay minerals: H: Halloysite, I: Illite, Ka: Kaolinite, Mo: Montmorrillonite, Sa: Saponite 
 
Wavenumber  
(cm-1) 
Minerals observed in BSt1-1_I 
3699 Halloysite, Kaolinite, Saponite 
3618 Halloysite, Illite, Kaolinite 
3565 Halloysite 
3428 Montmorrillonite 
1634 Mullite 
813 Halloysite 
793 Albite, Crictoballite, Illite, and Quartz 
583 Biotite, Cordierite and Ortholase 
545 Halloysite 
478 Albite and Halloysite 
 
b) 
 
Figure 108. FT-IR absorbance spectrum graph a) and wavenumbers and minerals
observed b) in BSt1-1_I 
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 Among them, illite was also observed in the inner part of the stone samples with 
XRD analysis as mentioned before. Beside illite, aluminum-rich clay minerals 
halloysite, kaolinite and montmorrillonite and iron-rich clay mineral saponite which are 
swelling clay minerals were found in the stone structure by FT-IR analysis. The clay 
mineral were most likely penetrate to the stone structure from the soil structure and 
supporting the porosity analysis of the stone samples mentioned before, the presence of 
swelling clay minerals in the stone structure is a disadvantage for the excavated 
andesites due to their causing cracks in stone with their swelling action (Press and 
Siever 2002). 
As mentioned before, the presence of clay minerals in the stone structure cause 
the biodegradation of stone material (Press and Siever 2002). The biological formations 
on the stone structure can be observed on the walls of the northern façade and on the 
columns as mentioned before (Figure 59, Figure 60, Figure 61, Figure 62). Further 
investigations have to be made to determine the reasons of these biological formations 
and to protect the stone material from the weathering effects of the biological forms. 
 
 
6.8. Microstructural Properties of Stone Samples 
 
 
Stone samples were analyzed by Scanning Electron Microscope (SEM) to find 
out their microstructural properties and the microcracks from their exterior surface to 
inner cores. Determination of the porosity from exterior to interior shows us both width 
of the cracks and how deep the cracks were formed. 
BSE images of the stone sample, BSt1.3, show us the amorphous structure of the 
stone and the void spaces (Figure 109-a) formed with the rising of gas from the interior 
of the stone structure during the formation of andesite and the glassy phase of the 
mineral microstructure of andesite (Figure 109-b). 
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a) 
 
b) 
Figure 109. BSE images of void spaces a) and glassy phase of the microstructure b) of 
BSt1-3 
 
 
Because of stone sample collection was focused on stones which are in the soil 
section of freshly excavated parts, soil particles (Figure 110-a) and the roots of the 
organisms (Figure 110-b) were observed on the stone surfaces. 
 
 
 
a) 
 
b) 
Figure 110. BSE image of soil particles a) and SE image of roots of organisms b) on the 
stone surface of BSt2 
 
 
 The disintegrated parts and thus physical weathering of stone material, which 
were most likely caused by the presence of swelling clay minerals, causing a weathering 
zone through the inner parts can be observed from the BSE images of the stone surfaces 
and sections from the surfaces (Figure 111 a-b). Swelling action of clay minerals causes 
micro-cracks in the stone structure and thus physical disintegration of the stone material 
as mentioned before (Spock 1953). 
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a) 
 
b) 
Figure 111. BSE image of stone surface a) and stone section from the surface b) of
BSt1-2 
 
 
The penetration of clay minerals from their exterior surfaces to the interior parts 
through the stone pores causing micro-cracks was determined by Scanning Electron 
Microscope (SEM). BSE images of the stone samples from their exterior surfaces to the 
inner cores show that the clays penetrated to the stone structure in the range between 1 
cm and 2.4 cm from the exterior (Figure 112, Figure 113, Figure 114, Figure 115. a-b-
c). The wider weathering zone was observed in BSt1 which was collected from the 
highest part of the building. 
These cracks were probably occurred after the excavation of the building. 
Because, the microclimate (humidity and temperature) of the buried stone is generally 
stable. Thus, the clay minerals only penetrate and fill the pores of the stones and can not 
cause a physical damage (Spock 1953). But, after excavation, they contribute to both 
physical and chemical weathering of freshly excavated stone because microclimate and 
thus rapid and massive humidity and temperature changes occur (Wüst, et al. 2000). As 
a physical weathering of stone, micro-cracks start to form because of the swelling action 
of the clay mineral in the stone pores (Wüst, et al. 2000). 
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Figure 112. Penetration values of clays through the inner part of BSt1-1 
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Figure 113. Penetration values of clays through the inner part of BSt1-3 
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Figure 114. Penetration values of clays through the inner part of BSt2 
 
 
 When the average seasonal values for the ambient temperature, relative humidity 
wind speed and rainfall of the site are considered, the swelling action of clay minerals 
causing a physical weathering and the reaction of stones with water causing chemical 
weathering of stone materials as the weathering of feldspars forming aluminum and 
iron-rich clay minerals (Velde and Meunier 2008) in the Aigai Bouleuterion is higher in 
winter months of December, January and February than the other seasons. Low 
temperatures, wind speed and high relative humidity promotes in the condensation of 
moisture in the air on the building material (Oxley and Gobert 1985) and thus the water 
absorbed by the clays swells. 
 125 
 
 
 
 
 
 
 (A) 
Exterior Surface                                                                                                                               (2.4 cm)                                                                                                                                                 Interior Part 
 
 (B) 
Exterior Surface                                                                                                                               (1.0 cm)                                                                                                                                                 Interior Part 
 
 (C) 
Exterior Surface                                                                                                                               (1.3 cm)                                                                                                                                                 Interior Part 
 
 
Figure 115. BSE images of BSt1-1 (A), BSt1-3 (B) and BSt2 (C) from exterior surface to the inner core 
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6.9. Weight Losses of Stone Samples 
 
 
Both organic material and carbonate content analysis and thermogravimetric 
analysis (TGA) analysis were applied on the stone samples in order to determine the 
organic material, clay and carbonate contents. Samples were analyzed from their 
exterior surfaces to the inner cores and as a whole. 
The analysis for the average values of the organic material proportions and 
carbonate content of the stone samples shows that less amounts of organic material 
values found for stone samples from exterior surface to the inner core. Organic material 
values are around 0.5 % and the CO2 content range between 0.3 % and 0.4 % (Figure 
116).  
 
 
0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
BSt1_I BSt1_Cr BSt1_E
(%
)
Organic Material (%) CO2 content (%)
Figure 116. Organic material and CO2 contents of BSt1 
 
 
For the stone samples analyzed by TGA analysis, the first process correspond to 
the desorption of physically absorbed water which occurs up to the region between 25 
°C and 103 °C, and this is followed by the burning of any organic components and 
decomposition of clay minerals present in stones from about 103 °C to 550 °C. Final 
stage observed in the range of 550-1000 °C was expected temperature range for the 
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decomposition of carbonate. TGA curves of the stone samples show similar weight 
losses on the whole. The weight losses of the first and second period samples within a 
temperature range from 25°C to 550°C are 0.7, 1.3 and 0.8 % respectively from exterior 
to interior (Figure 117, Figure 118, Figure 119). The weight loses were not observed in 
the temperature range above the 600 °C in the sample analyzed from exterior to interior 
because of the increase in the weight due to the oxidation of the ferrous iron in the 
environment (Figure 117, Figure 118, Figure 119) (Pansu and Gautheyrou 2006). But 
the same value for the whole sample is 1.42 % around the temperature of 680 °C in 
BSt3 (Figure 120).  
The results of the organic material and carbonate content and thermogravimetric 
analysis (TGA) analysis show that all the stone samples contain less amounts of organic 
material, clay and carbonate contents. 
 
 
Figure 117. TGA graph of BSt1_E 
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Figure 118. TGA graph of BSt1_Cr 
 
 
Figure 119. TGA graph of BSt1_I 
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Figure 120. TGA graph of BSt3 
 
 
For the clay fractions of the stone samples, the first weight loss due to 
desorption of physically absorbed water which appears in the region between 25 °C and 
103 °C. The second weight loss by the burning of any organic components and 
decomposition of clay minerals present in stones from about 103 °C to 550 °C. Final 
stage observed in the range of 550-1000 °C for the decomposition of carbonate. TGA 
curves of the clay fractions of the stone samples show similar weight losses. The weight 
losses of the first and second period samples within a temperature range from 25°C to 
550°C are 11.2 and 9.8 % respectively (Figure 121, Figure 122). The weight loses 
observed in the temperature range above 600 °C is 13.3 % around the temperature of 
740 °C for sample BSt3_cl, 11.5 % around the temperature of 723 °C for the sample 
BSt2_cl (Figure 121). The values show the presence of higher carbonate, organic 
material and clay content in BSt3_cl. Supporting the crack area values of the stone 
samples, the clay mineral and organic material content of BSt3_cl is higher the other 
clay fractions causing more physical weathering of the stone structure. The increase in 
the weights observed in the temperature range above 740 °C and 723 °C respectively is 
due to the oxidation of the ferrous iron in the environment (Figure 121, Figure 122) 
(Pansu and Gautheyrou 2006). 
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Figure 121. TGA graph of BSt2_cl 
 
 
Figure 122. TGA graph of BSt3_cl 
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CHAPTER 7 
 
 
CONCLUSION 
 
 
 Determination of stone weathering of the Aigai Bouleuterion has been carried 
out in order to understand the weathering process of an excavated archaeological 
building with the purpose of the identification of conservation problems. 
 The stones used in the construction of Aigai Bouleuterion are the same stones of 
the environment, which is andesite, an igneous rock. The building was constructed with 
masonry construction system. In the façade walls, cut stone was used with rubble stone 
and sand mixture infill. The interior walls were constructed with rubble stone. 
 The excavation of Aigai Bouleuterion started in 2004 and was completely 
finished in 2006. Since then, the weathering of building stones has been a problem. 
Collapses of the walls, biological growth on the walls and surfaces, discharging of soil 
that is the binder material, surface scaling of the stone surfaces, cracks in the building 
material and white deposition on the stone surfaces are the main weathering problems 
observed in the building after its excavation. 
 Less than 1 % of soluble salt content was found in the soil and the exterior 
surface of the stone samples. The pH values of the soil samples range between 7.1 and 
7.4 and the same value is 7.4 for the exterior surface of the stone sample. 
 Both in carbonate, organic material and TGA analyses of the soil, stone and the 
clay fractions of the samples, less amounts of organic material and carbonate contents 
were found. 
 The proportion of grain particle sizes gets smaller from top to bottom except the 
deepest layer where BS5 was collected. BS2 and BS3, which were most likely taken 
from the organic interaction zone of the soil section, contain more organic material and 
fine particles than the other soil samples. 
 According to the mineralogical analysis, soil and stone samples are dominated 
by the minerals of microline, orthoclase and sanidine as potassium feldspars, albite as 
sodium feldspar, andesine, labradorite and anorthite as plagioclase feldspars, muscovite 
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as mica, cristoballite, tridymite and quartz as quartz minerals, kyanite as clay-like and 
mullite as post-clay based aluminum silica minerals, orthoferrosilite as magnesium 
silica mineral. 
 The major elements in the samples were found as silicon dioxide (SiO2), 
aluminum oxide (Al2O3), iron oxide (Fe2O3), calcium oxide (CaO), sodium oxide 
(Na2O), potassium oxide (K2O) and magnesium oxide (MgO). Small amounts of 
phosphorus pentoxide (P2O5) were found in the clay fractions of the two soil samples 
BS4 and BS5. 
 The clay minerals, which are the main weathering factor for the excavated 
stones, penetrated to the stones were determined with the FT-IR analysis. According to 
the analysis, illite as a non-swelling clay mineral and halloysite, kaolinite, saponite and 
montmorrillonite, as swelling clay minerals were found in the clay fractions and stone 
structure. The clay minerals most likely penetrated to the stone structure from the soil 
structure. 
The average density values for the andesites samples were found to be 2.2 
g/cm3. The porosity values of the samples show that the values range between 8.4 and 
23.3 % by volume for the andesites. 
The weathering zones of the stones were determined considering the penetration 
of clays to the stone structure during burial, which caused cracks in the stone structure 
after excavation as a result of their swelling action due to the rapid change in 
environment. According to the SEM analysis of the stone samples, the clays penetrated 
to the stone structure in the range between 1 cm and 2.4 cm from the exterior. The 
cracks were probably formed with the swelling action of swelling clay minerals of 
kaolinite, saponite, halloysite and montmorrillonite found in the clay fractions and stone 
structure. 
 When the environmental climatic data are considered, the climatic conditions at 
this site exacerbate the swelling action of clay minerals after excavation of stones 
causing a physical weathering of stone structures in the Aigai Bouleuterion is higher in 
the months of December, January and February than the other months. The climatic 
factors occurred in winter also promotes chemical reaction of stone, water and clay 
minerals. It also promotes formation as biological weathering which have many 
weathering effects on both buried and exposed stones. 
 To prevent the weathering activities of the clays in the excavated stone structure, 
the Aigai Bouleuterion has to be preserved from the climatic conditions of the 
 133
environment. Reburial of the building and construction of contemporary conservation 
shelter do not supply a moisture control on the building material and do not prevent the 
building material from effects of temperature changes. Thus, the clays have to be 
stabilized to prevent reaction with water. Stabilization of clays of archaeological 
building stones has received considerable attention since the 1980s (Nickens 2001). 
Wendler, et al. (1996) succeeded to reduce the swelling potential of clay-rich tuffs with 
surfactants. Beside surfactants, cement, ash and lime are used to stabilize the clays. But, 
the use of cement or ash damages the historical building materials since cement contains 
soluble salts (Schaffer 1932) and ash has a pozzolanic activity that reacts with clay 
(Grim 1962). Thus, the stabilization of the clays has to be done by using lime or 
surfactants for the Aigai andesites. 
The processes depend on various factors such as the mineralogy of the clays and 
the stones, as well as, on the type and amount of the additive. For this reason, the 
changes in the properties of stabilized clays have to be determined experimentally for 
each clay mineral and stone type (Ninov, et al. 2008). Meanwhile, further and 
interdisciplinary studies have to be done for the clay stabilization of building stones of 
Aigai Bouleuterion with lime. This study forms a basis showing the conservation 
process of excavated andesite materials of Aigai Bouleuterion. 
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